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Plasticisers can be presented in food packaging material in significant amounts and have 
the potential to migrate into food. It is known that migration of plasticisers such as 
adipates and phthalates from plasticised films occur readily into fatty foods, where there is 
direct surface contact between the film and the food. The concern over plasticiser usage in 
food contact materials arose when the National Toxicology Program in the USA published 
results indicating that di-(2-ethylhexyl) phthalate and di-(2-ethylhexyl) adipate caused 
carcinogenic effects in mice. 
In this study, 162 packaging materials were examined, plasticisers were found in a 
wide concentration range in the packaging materials. The levels of plasticisers were found 
from ppm level (8^ig/g of DEHA in pork instant noodles) to percentage level (4%w/w 
DBS in PVC film). Migration of plasticisers from package into foodstuff have been 
qualitatively and quantitatively studied, using stable isotope dilution GCA/[S procedure, 
100 food samples were examined with the plasticiser level from 5ppm ofDBP in lemonade 
ginger to 700ppm of BBP in stream sticky rice. It was found that packaging materials 
were not the only source of contamination, because some plasticisers were found in food, 
but were not found in the packaging materials. The GCVMS system has dual ionisation 
techniques. Both electron impact (EI) and chemical ionisation (CI) (spectral) modes were 
employed for comparison studies. The paired t-test shows that there is no significant 
difference between both methods. The chemical ionisation is comparable to EI method. 
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ATBC Acetyl Tributyl Citrate 
BBP Benzyl n-butyl Phthalate 
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MS Mass Spectrometry 
M Sample Molecule 
M+ Ion formed by removal of one electron from neutral molecule 
without fragmentation of the molecular structure 
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RF Radio Frequency 
TIC Total Ion Current 
SCF Scientific Committee for Food 
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CHAPTER 1: INTRODUCTION 
1.1 Overviews of packaging materials 
The global packaging material market is huge. For instance, the food packaging 
materials in the US alone reached 41 billion US dollars in 1994 � . W i d e l y used packaging 
materials in food industries include plastics, glass and metals. The use of plastic as an 
overall food-and-beverage container is expected to grow annually by 4% through 1998. 
The growth is attributed to the rise in consumer demand for convenience, microwavability 
and single serving packages due to the increase in single person households and 
two-income families. The growth is also due to technological advances which led to the 
development of new packaging materials that can be tailored to suit several products. 
At the present moment, the packaging material market is being pressured by 
customer demand for greater convenience and quality. Furthermore, consumer and 
legislative pressure for environmentally sound packaging also have great impact on the 
direction of the packaging material market growth. For the sake of convenience in 
shipping, storage and handling by consumers, flexible packaging has the lead over rigid 
packaging. Flexible packaging materials demand is expected to rise 3-5% annually with 
plastic films leading the way, while the rigid packaging material will achieve less than 
3-5% annual growth. 
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The materials widely used for food packaging or in food contact applications 
include paper and coated-paper products, cellulose product, metals such as aluminum, 
tinplate, stainless steel and ceramics, glass, rubber, plastics and miscellaneous materials 
such as wood. Most of these materials have been in use for many years and have given rise 
to very few problems. Plastics, in contrast, offers many advantages as a new range of 
chemical components not previously used in the food industry and for which no previous 
experience was available. Migration of additives used in their manufacture cause the 
greatest concern relating to food safety issues. 
One of the hopes of the food packaging industry is that the packaging will preserve 
the quality of the food. In order to accomplish this goal, the packaging material should not 
contaminate the taste or appearance of the food. In many cases, however, these goals are 
hardly achieved, as contamination is easily found in the food. Unintentional additives that 
enter into food during processing derive mainly from materials in prolonged contact with 
the food. 
Plastic materials for packaging and other food contact applications are constantly 
changed in type as new materials are developed and constantly increase in extent of usage. 
The following classes of compounds may be present in different plastic food packaging 
materials and may in each case provide a source of material for migration and thus may 
ultimately lead to contamination of food: monomers, heat stabilizers, plasticisers, 
antioxidants, UV absorbers, processing aids, colorants, adhesives and printing inks. Faced 
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with this complexity, assessment of this source of food contamination normally starts with 
analysis of the packaging material. When levels of "targeted" components have been 
measured in the packaging, one can then begin to work on foodstuff analysis. The 
purpose of this study is on the migration of plasticisers from the packaging materials into 
foodstuff. 
1.2 Source of contamination 
Packaging contamination from plastics primarily arise from two sources: (1) 
polymerisation residues including monomers, catalyst, solvents, emulsifiers and wetting 
agents; (2) processing aids such as antioxidants, antiblocking agents, heat stabilizers, 
lubricants, pigments, fillers and plasticisers. Since the first group of compounds are 
present inadvertently, not much can be done to remove them. The more volatile gaseous 
monomer, etheylene, propylene, vinylchloride, usually decrease in concentration with time, 
but very low levels may persist in the finished product almost indefinitely � . S t y r e n e and 
acrylonitrile residues are generally the most difficult to remove. However, the efforts made 
by the industry to reduce vinyl chloride monomer levels in particular illustrate the effects 
of optimum manufacturing processes on the purity of the final product. The second group 
chemicals added deliberately during formulation to alter the processing and mechanical 
property of the polymer are likely to be present in greater amounts than polymerisation 
residues, and should be subject to strict quality control. Additives in the second group 
listed above are normally restricted to compounds appearing on an approved list for food 
contact use. Most legislation authorities now require extraction and migration tests on the 
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finished product for the protection of the consumer. Analytical methods for the 
determination of a number of individual additives in extractants, in food stimulants, and in 
polymers have been reviewed by Giam � . 
1.2.1 Contamination from packaging materials 
The quality of a food product depends somewhat on the quality and nature of its 
packaging materials. Plastic packages can contaminate foodstuffs with residual monomers, 
additives, degradation products, with possible toxicological or sensory effects. It has been 
known for many years that the chemicals present in food contact materials might transfer 
into foods. Polystyrene (PS), widely used for packaging dairy products, may release into 
food small amounts of hydrocarbons, mainly styrene or ethylbenzene, that had diffused 
into the food product. Migration of styrene and ethylbenzene have been studied (4，5，6). A 
method for the quantitative determination of epoxidized soybean oil in food has been 
studied by Castle(?). A detection limit of 2.0mg/kg of epoxidized soybean oil in foods and 
a relative standard deviation 7% have also been achieved routinely. 
Recent attention has been directed toward monitoring the migration from plastic 
packaging materials into food of various plasticisers such as di-(2-ethylhexyl) adipate (8，9). 
PVC film plasticised with DEHA is widely used in the UK for retail packaging of fresh 
meat, fruit and vegetables. Analysis by stable isotope dilution GCMS showed DEHA 
levels ranging from 1.0 to 72.8mg/kg in uncooked meat and poultry, 9.4 to 48.6mg/kg in 
cooked chicken portions, 27.8 to 135.0mgy'kg in cheese, <2.0mg/kg in fruit and vegetables 
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and 11 to 212mgy'kg in baked goods and sandwiches(io). Phthalates in food have been 
studied by the Ministry of Agriculture, Fisheries and Food in UK^^ '^^ '^^ \^ Levels of 
plasticisers found in foods were in the following ranges: ATBC in cheese, 2-8mg/kg; DBS 
in processed cheese and cooked meats 76-137mg/kg; DBP, DCHP, BBP, and DPOP 
found individually or in combination in confectionery, cakes and sandwiches, with total 
levels from 0.5 to 53 mg/kg. Acetyltributyl citrate from plastic film into foods during 
microwave cooking and other domestic uses have been studied by Castle(i4). The result 
showed migration levels ranging from 0.4mg/kg where there was minimal contact during 
microwave cooking of a soup to levels of79.8mg/kg for use of the film in intimate contact 
as a liner to a container during the microwave cooking ofbiscuits. 
1.2.2 Contamination of plasticisers from packaging materials and its effect 
Migration of constituents into foodstuffs in measurable quantities is possible from 
many food contact materials. Plasticiser migration from food packaging has been a subject 
of concern for some time, and this has recently been reported in the contamination of food 
with di-(2-ethylhexyl) adipate from PVC ‘cling film，（8'9'i5) phthalate was also detected in 
food (16) and infant formula, which has not been stored in plastic materials (^). 
In recent years, concern over plasticiser usage in food contact material arose when 
the National Toxicology Programme in the USA published result of a bioassay of di-(2-
ethylhexyl) phthalate, the most commonly used plasticiser for polyvinylchloride polymers, 
was carcinogenic for rats and mice, causing incidences of female rat, male and female mice 
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with hepatocellular carcinomas, and inducing an increased incidence of male rats with 
either hepatocellular carcinomas or neoplastic nodules (口). Two other plasticisers 
chemically related to di-(2-ethylhexyl) phthalate were tested as di-(2-ethylhexyl) phthalate. 
Butyl benzyl phthalate was found to be associated with an increased incidence of leukemia 
in female rats(i8). Di-(2-ethylhexyl) adipate was carcinogenic for female mice, causing 
increased incidences ofhepatocellular carcinomas, and was probably carcinogenic for male 
mice, causing an increased incidence of hepatocellular adenomas (i9). The toxicity of those 
phthalates permitted for use in food contact materials has been considered by the Scientific 
Committee for Food (SCF). Two phthalates, BBP and DBP appear to have weak 
� • � • � QO� 
oestrogemc activity in v i t r o � ) • 
Most high levels of phthalates have been found in baby formula milk(i6). The 
scientists at the ministry of Agriculture, Fisheries and Food in England have tested 59 
samples of 15 different brands of baby formula milk and found that all contain phthalates, 
commonly used in plastics (DDP, DIBP, DEHP, BBP, DBP, DCHP and DPI). Using the 
manufacturer's feeding guides, average intakes of total phthalates from infant formulae 
would be 0.13mg/kg body weight/day in new-born infants, falling to O.lmg/kg body 
weight/day at six months. The levels found in some samples might be high enough to 
reduce fertility in babies exposed to them. BBP has been tested in laboratory rodents, it 
was given to female rats at a fixed concentration of lmg/1 in their drinking water 
throughout pregnancy and lactation. Resulting intakes were estimated to range from 0.1 to 
0.4 mg/kg body weight/day during the treatment period. This reported to cause small 
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reductions in sperm production in male offspring, who would have been exposed to BBP 
via the mother during the entirety of their most vulnerable period of testis development. 
These studies suggest that BBP and DBP may have weak oestrogenic activity but at this 
stage the data are very tentative and no firm conclusion can be drawn(u). 
There are so many evident to proof that some of the plasticiser have potential 
hazard, the maximum intakes per person of plasticiser from the average diet have been 
estimated from the National Food Survey in UK, their maximum intakes are listed as 
follows: (i) 16mg/day for DEHA; (ii) 0 02mgAhy for DEHP; (iii) 1.9mg/day for DBP (iv) 
1.4 mg/day for DCHP; (v) l.Omg/day for BBP; (vi) 0.03mg/day for DEP; (vii) 0.6mg/day 
for DPOP; (viii) 0.05mg/day for ATBC and (ix) 0.3mg/day for DBS(2i). However, 
surprisingly little data are available in food in Hong Kong on the migration of plasticisers. 
There are no specific regulations controlling the presence of plasticisers in food, therefore 
more data are required in order to set up some regulations, and this is the purpose of this 
study. Since plasticisers can be present in food packaging materials in significant amounts 
and have the potential to migrate into the food, therefore it is necessary to obtain 
information on the following: 
a) the various plasticisers used in the production of food contact materials; 
b) the food contact materials in which each plasticiser is used; 
c) the food contact uses of these materials; 
d) the level of plasticisers in those food contact materials and in foods with which 
they have been in contact. 
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1.3 Classification of commercial plasticisers 
Plasticisers having commercial significance for food packaging materials(21) are 
listed in the following : 
1) Phthalates consist of butyl benzyl phthalate (BBP), di-2-ethylhexyl phthalate 
(DEHP or DOP), dibutyl phthalate (DBP), dicyclohexyl phthalate (DCHP), diethyl 
phthalate (DEP), di-isononyl phthalate (DINP), di-isooctyl phthalate (DIOP) and di-
isodecyl phthalate. Also polyester based on phthalic anhydride/ adipic acid, end-stopped 
with a Cg alkyl alcohol. The phthalates give cap seals the required physical properties, and 
their extremely low water solubility makes them suitable for packaging aqueous foods and 
beverages. 
2) Adipates consist of di-2-ethylhexyl adipate (DEHA or DOA), di-isodecyl adipate 
(DK)A), diisobutyl adipate (DIBA) and di-isooctyl adipate (DIOA). Also there are 
polyesters of adipic acid and 1,3-butylene glycol, end-stopped with a mixture of stearic 
acids. They exhibit excellent low temperature flexibility and suitable viscosity 
characteristics to PVC wrapping film. 
3) Sebacates and azelate consist of di-2-ethylhexyl sebacate (DEHS or DOS) and 
dibutyl sebacates (DBS) and di-2-ethylhexyl azelate. Both give good low temperature 
properties to the plastic materials. 
4) Citrate, namely acetyl tributyl citrate (ATBC), has good low temperature 
properties. 
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5) Phosphate, namely di-phenyl 2-ethylhexyl phosphate (DPOP), confers good 
flexibility at low temperatures as well as flame retardancy. 
1.3.1 Application of plasticisers 
Films commonly require plasticisers depending on the rigidity of the polymer. 
Plasticiser efficiency may be evaluated by empirical tests. Plasticisers are added to films in 
order to reduce brittleness and increase flexibility, toughness and tear resistance. They lead 
to a decrease in intermolecular forces along the polymer chains which generally produce a 
decrease in cohesion, tensile strength and glass transition temperature. The plasticiser 
must be compatible (miscible) with the polymer and if possible readily soluble in the 
solvent (to avoid premature separation during film drying). 
Accordingly, the literature on plasticisers is concerned predominantly with the 
plasticisation of PVC (22) it is estimated that about 80 to 85% of the commercial use of 
plasticisers is used for the production of polyvinyl chloride (PVC) and vinyl chloride 
copolymers (23). For PVC film ('cling film,) the principal plasticiser in the UK has in the 
past been di(2-ethylhexyl)adipate (DEHA) (24), although this is now being partially 
replaced in the film by the so-called polymeric plasticisers. This type of 'cling film’ is 
widely used in home for wrapping and covering foods, particularly for subsequent storage 
in the refrigerator. The film is also used in supermarkets for covering fresh and cooked 
meat (usually overwrapping the food on an expanded polystyrene tray) as well as for 
cheese, fruit, and some vegetables. 
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There are many possible classifications of plasticisers based on their 
molecular weight, compatibility or cost efficiency. The general-purpose class comprises a 
series of phthalate ester manufactured from phthalic anhydride and inexpensive higher 
alcohols. Because of their low cost and high volume, these materials, which constitute 
about two-thirds of the plasticiser market, are frequently referred to as the commodity 
plasticisers. Significant differences occur in processing characteristics, compatibility, 
volatility, and low temperature properties, depending on the molecular weight of the 
phthalate ester and degree of branching in the alcohol (之�).Thus di(2-ethylhexyl) phthalate 
has a good balance of properties at low cost and is the performance standard in the 
general application for flexible PVC. 
Phthalates, the group of chemicals implicated in contaminating the formulas, are 
man-made. They have been used in a wide variety of industrial materials linked with the 
plastics industry for many years. The chemicals have been put into special inks used to 
print on wrappers, labells and other packaging materials. They allow the inks to be flexible 
so they stick to wrappers without fracturing and flaking off. Phthalates have also been put 
in cellophane, plastic tubing used in industrial plants and plastic storage containers. 
Phthalates (mainly dibutyl-, butylbenzyl-, and dicyclohexyl-) are used to provide flexibility 
to the nitrocellulose coating of regenerated cellulose film (RCF). RCF finds very wide 
application for the packaging of confectionery (twist-wrapped candies, toffees and 
fudges), for cooked meat pies and pastries, and for cakes and biscuits. 
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1.4 Analysis of the plasticisers in the food packaging films 
Assessment of the source of food contamination normally starts with an analysis of 
the packaging material. When levels of "targeted" components have been measured in the 
packaging, work should be started on foodstuff analysis. For most of the analysis of the 
plasticisers in films, chloroform extraction is carried out by allowing the film to stand 
overnight in the solvent. No single analysis is adequate for detecting all plasticisers, but a 
knowledge of the film type is helpful in deciding on the most fruitful approach. For 
example, it was proved that the cellulose acetate and polyethylene, reflux method were 
used by hexane/ethanol (1:1) and toluene, respectively ^^ '^ \^ 
Capillary GC analysis of the chloroform extract containing one internal standard is, 
however, the best method for quantifying individual monomeric plasticisers. Identification 
of the plasticisers can usually be made on the basis of retention times compared with those 
of the standards. This approach cannot, however, be used for determining polymeric 
plasticisers, which need to be analysed separately. The GC analysis can also be difficult for 
quantification of the complex mixtures of isomeric plasticisers and those co-elute under 
the normal GC conditions. GC-MS is therefore required to distinguish between these two 
components. 
1.5 Analysis of plasticisers in food using the stable isotope dilution technique 
Most plasticisers are lipid-soluble and therefore analytical schemes normally 
involve initial fat extraction from the food. Separation of the higher molecular weight 
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lipids from the lower molecular weight plasticisers can be achieved by size exclusion 
chromatography (SEC), which is also called gel permeation chromatography (？乃 Analysis 
of the cleaned-up extract is by capillary column GC GC analysis using FID can be 
effective for determining relatively high levels of plasticiser contamination in 
comparatively simple food (low food matrix content). However, for more complex food, 
for example confectionery products and some completely cooked meals, interference 
peaks will be present and may obscure the region of the chromatogram where the 
plasticisers are expected to elute(]�). In these instances, it is advisable to employ a mass 
spectrometer as the detector, using the mass chromatogram for quantitation. The use of 
GC-MS has the advantage that stable isotope-labelled internal standards can then be 
employed, and the assay becomes one of isotope dilution technique. Large numbers of 
data survey samples can be generated quickly, with a high precision and with a high 
confidence in correct identification of the plasticisers being monitored. Precision of the 
order of 2-7% have been routinely obtained and the approach has been applied to a 
diversity of food types from cheese, dried fruit, and chocolate to completely cooked 
meals. 
Typical stable isotope-labelled internal standards which have been used are d4-
DBP, d4-DCHP, d4-DEP and d4-DEHP (synthesised from the d4-phthalic acid), d4-DEHA 
and d4-DffiA (synthesised from d4-adipic acid). In surveys of retail food and in 
experiments to study the influence of various factors on migration, more than eighty 
plasticiser determinations have been carried out. In no instance there has been any 
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evidence of interference with any of the food types, and thus there has been a high degree 
of confidence both in the adequacy of the clean-up and in the specificity of the end 
determination. Plasticiser migration occurs at a relatively high level and the limit of 
detection employed for these measurements was around 0.1-lppm, a level below which 
contamination would be regarded as non significant. The mass spectrometric system has, 
however, for this analysis an intrinsic capability of detecting far lower levels than O.lppm. 
So far all the typical analytical procedure mentioned were studied by the electron impact 
mass spectrometry, whereas, in this study chemical ionisation mass spectrometry is also 
used for comparison. 
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Chapter 2 : Instrumentation and Analytical method 
2.0 Instrumentation 
2.1 Gas chromatography 
Gas chromatography is widely used for compound identification in the analysis of 
mixtures of organic compounds from a variety of chemical classes. The compounds are 
separated primarily by their differences in their volatilities and structures. This allows the 
easy identification and measurement of the individual compounds in a sample. In order for 
a compound to be suitable for GC analysis, it must be evaporated into a vapor state below 
400^C and it must not degrade, and must be able to withstand high temperature in the 
injector port. 
A sample is introduced into the GC through a heated injector port. The sample will 
evaporate into the gas phase and is slowly passed through a stationary liquid phase inside 
the column using a mobile phase called “ carrier gas". For example, nitrogen and helium 
are used in our GC/FID and GCMS instruments, respectively. The time that the 
compound is retained inside the column is called the "retention time". The retention time 
of each compound is used to qualitatively identify an unknown compound. The peak area 
is used to measure the amount of the compound. Chromatographic separations only give 
rise to the retention of solutes, which can never prove what a solute is but only what it is 
not (28). Therefore, it must be the aim of the analyst, to find a strategy to increase 
selectivity to guarantee a high degree of correspondence of peak and substance identity. 
The Association of Official Analytical Chemists (AOAC) has started to suggest the use of 
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capillary columns in their "Official Methods of Analysis" for determination of natural 
compounds(29). 
2.2 Detectors 
In principle, the measurement of any property that has different values for different 
gases can be incorporated into a GC detector, and several dozen have been describle. 
Some of the common GC detectors are thermal-conductivity (TC), electron-capture (EC), 
flame-ionisation detector (FH)) and flame-photometric detector. The combination of gas 
chromatography with mass spectrometry can be particularly fruitful for analysis of 
mixtures of simlar substance. 
2.2.1 Flame ionisation detector 
A good detection system is one of the most important requirements because the 
quantitative aspects of analyses depend directly on the detector parameters. Two types of 
detectors are commonly used in gas chromatographic analysis of plasticisers : flame 
ionisation and mass spectrometric detector. A comparison of various detectors with 
respect to their sensitivities, selectivities, and operational ease indicates that the flame 
ionisation detector comes closest to being the most sensitive, universal mass detector 
available for gas chromatography. 
Flame ionisation detector (FH)) is a common detector because almost all volatile 
organic chemicals are detected with a response, which does not significantly depend on the 
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chemical structure of the solutes. The flame-ionisation detector is a widely used device. 
The ions formed during the combustion of the sample are collected at a charged electrode, 
and the resulting current is measured with an electrometer amplifier. When the carrier gas 
(nitrogen) emerging from the column is mixed with an equal volume of hydrogen and 
burned at a metallic jet in an atmosphere of air, the jet is made the negative electrode, and 
a loop or cylinder of inert metal surrounding the flame is made positive. The sensitivity to 
organic solutes varies roughly in proportion to the number of carbon atoms. The FK) is an 
excellent general-purpose detector, particularly with capillary columns, because of its 
great sensitivity. Its lack of dependence on the flow rate makes it convenient for 
quantitative measurements. However, there are compounds having the same distribution 
due to similarities in chemical structure or molecular weight, which would be co-elution of 
these compounds. In such a case, the flame ionisation detector is not suitable for those 
analyses. The mass spectrometric detector is then the most sophisticated detection system 
to use, (for isotop dilution), which ensures accurate quantitative evaluation of the data 
comparable with those obtained with FID. In qualitative analysis, mass spectrometric data 
are decisive for identification of the individual components. Overlapping components can 
readily be distinguished by MS detection. 
2.2.2 Mass spectrometer 
A mass spectrometer measures the masses of individual molecules and its 
fragments that have been converted into ions i.e., molecules which have been electrically 
charged. Since molecules are so small, it is not convenient to measure their masses in 
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common weight units. In fact, the mass of a single hydrogen atom is approximately 
1.66xl0_24 grams. A mass spectrometer does not measure the molecular mass directly, but 
rather the mass to charge ratio of the ions formed. It is common that mass spectrometrist 
often speaks of the "mass of the ion" because most of the ions formed are singly-charged 
ions. Mass spectrometry combined with gas chromatography, for detection of components 
of mixtures separated by gas chromatography is clearly superior in many ways. It has been 
used to determine the codeine, morphine and 6-acetylmorphine in urine ⑶），pesticides in 
fruit and vegetables (3i), and amphetamine-d5 in urine (32), 
2.2.2.1 Ion trap detector 
The development of the Finnigan Mat ion trap detector (ITD) (33,34,35) has 
provided a mass spectrometric detector for gas chromatography with significantly 
simplicity in operation. The schematic diagram of the ion trap is shown in the following: 
Figure 1. The schematic diagram of the ion trap 
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The electrode assembly consisting of a ring electrode and two end-cap electrodes 
is shown in cross section as well as the dimension ro and zo and their relationship. A RF 
potential may be applied to the ring electrode while the end-cap electrodes are grounded. 
The upper end-cap electrode has a small perforation through which the gated electron 
beam passes. The electron gun, consisting of filament and gating lens, is shown above the 
upper end-cap electrode. The lower end-cap electrode is shown to have several perforates, 
though in practice there may be only a single perforation, through which ions are ejected 
onto the electron multiplier. Ion signals are amplified and stored. A microcomputer 
provides instrument control and data acquisition. The device is compact and has been 
designed to couple with commercially available capillary column gas chromatograph and 
to interface with a PC data system for control and data storage. A lot of software comes 
with the instrument to permit spectral library searching, quantitation, plotting of 
chromatograms, mass spectra, and control of the ITD. In the ITD, the pressure of the 
helium is controlled deliberately so as to modify ion trajectories within the device. 
Two GCA/[S instruments were used in this study, Magnum and GCQ. They all 
used the ion trap detector. Basically both instruments are very similar in type, but GCQ 
used the external ion source whereas Magnum has no ion source. In Magnum, samples are 
injected into the capillary column through the GC injection port. Sample molecules are 
then separated by the GC. The effluent from the GC flows through the transfer line, and it 
connects directly into the ion trap detector. Block diagrams of the two instruments are 
shown in the following : 
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Figure 2. The block diagram ofMagnum 
Figure 3. The block diagram of GCQ 
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In GCQ, samples are injected by an autosampler into the capillary column through 
the GC injection port. Sample molecules are then separated by the GC column. The 
effluent from the GC column flows through the transfer line and is introduced into the 
E L O ion source. Upon entering the ion source, sample molecules are ionised by electron 
ionisation or chemical ionisation. A series of electro-magnetic lenses accelerate the 
resulting sample ions into the mass analyzer, where they are analyzed according to their 
mass-to charge ratios. The sample ions are then detected by an ion detection system that 
produces a signal proportional to the number of ions detected. The ion current signal from 
the ion detection system is received and amplified by the system electronics and is then 
passed on to the data system for further processing, storage, and display. The data system 
provides the primary GCQ user interface(36). 
Ion separation takes place inside a mass analyzer. There are many different mass 
analyzers: magnetic sectors, quadrupole, ion trap, time-of-flight and FTIR mass 
spectrometers. A mass analyzer sorts the ions according to their mass-to-charge ratios. An 
ion trap detector is used in this study. Ions of similar charge are sorted inside the mass 
analyzer based on their mass-to-charge ratios. The lighter ions come out of the analyzer 
first. It operates on a principle similar to the quadrupole. However, rather than allowing 
ions to pass through it, the ion trap can store ions for subsequent experiments. Ions are 
first trapped in an enclosed ion trap chamber which consists of a ring electrode and a front 
and a rear end cap. Finally ions are then sorted out by changing the electric field inside the 
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trap. Ions are then sequentially ejected out of trap of increasing mass-to-charge ratio for 
ion detection. 
The mass spectrometer uses a combination of an electron multiplier and a dynode 
in the detection system. Ions are detected after mass analysis by propelling them into a 
high voltage dynode. The ions are then accelerated from the dynode to an electron 
multiplier. Inside the electron multiplier, the ions collide with the detector surface to emit 
electrons which are then measured as an analog ion current by an electrometer. The ion 
current generated inside the electron multiplier is then digitized by an analog to digital 
converter so a computer can control, acquire, store and present the data. In GCQ system, 
the digitization is done by a Digital-Signal-Processor (DSP) PCB. A GC/MS data system 
typically includes an operating system, an application software control and data processing 
package. 
The mass spectra generated by fragmenting a molecule can be used to elucidate a 
chemical structure of an unknown compound. The spectrum consists of fragmented ions 
of unknown molecules. Using this fragmentation, a mass spectrometrist can determine the 
chemical structure of the unknown. Provided that, a compiled mass spectra of known 
compounds are available. 
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2.2.3 Ionisation modes 
The GCQ MS detector consists of an EI/CI ion source, a mass analyzer, and an ion 
detection system all enclosed in a vacuum manifold. Ionisation of the sample takes place in 
the ion source. The particular physical or chemical process used to ionise the sample is 
referred to as the ionisation mode. It operates in either of electron ionisation and chemical 
ionisation. 
2.2.3.1 Electron ionisation 
In the electron ionisation mode, electrons are emitted by a filament in the ion 
source and are accelerated to a kinetic energy of approximately 70 eV. These energetic 
electrons interact with sample molecules to form ions. Positive-ion EI mass spectra are the 
most common type in mass spectra. In positive-ion EI, positively charged sample ions are 
formed when electrons from the filament ionise sample molecules as follows: 
A+e" • A++2e_ 
Because the energetic electron that interacts with the sample molecule often 
deposits more energy to the sample molecule necessary for ionisation alone, the sample 
ion, A+, often decomposes through a complex series of unimolecular decompositions: 
A+ • Fi++Ni 
A+ • F2+ + N2 
Fi+ • F3+ + N 3 , etc., 
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where Fi+, F2+, and F3+ are ionic fragments and Ni, N2, and N3 are neutral fragments. The 
MS detector determines the masses and abundance of the various ions present, A+, Fi+, 
F2+, F 3 + ’ etc., and a plot of this information is the familiar positive-ion EI mass spectrum. 
The conditions for obtaining positive-ion EI spectra are well standardized, and 
these spectra tend to contain a wealth of fragment ions. As a result, the positive-ion EI 
mass spectrum serves as a fingerprint that can be used for identification of the compound. 
Identification can often be achieved through a computer search of a library of EI spectra. 
Although the extensive fragmentation that is often produced during EI is useful as a 
fingerprint, they may result in a noisy spectrum because ions of any particular mass are in 
low abundance. Also, the molecular ion, so useful for molecular weight determination, 
may be completely absent in EI mass spectra (because of the ready decomposition of the 
molecular ion). 
2.2.3.2 Chemical ionisation 
So far all discussion has been concerned with electron impact mass 
spectrometry where spectra are generated by a simple transfer of energy from an electron 
beam to the sample molecule to produce molecular ions and a range of fragment ions. A 
different approach is used in chemical ionisation where ions are produced by ion-molecule 
reactions occurring between reagent ions and the sample. In the CI mode of operation, 
ionisation of sample molecules is a multi-step process. Reagent gas is introduced into the 
ion source at a pressure (for methane) of approximately 100 Pa (1 Torr), along with 
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sample vapors typically present at partial pressures of less than one-thousandth that of the 
reagent gas. 
In the first step of the ionisation process, a reagent gas plasma is formed as 
follows: First, the reagent gas is ionised by interaction with the energetic electrons emitted 
by the filament. Thermal electrons are also produced in this interaction. 
C H 4 + e " ^ CH4+ + 2e-
CH4+e' • C H 3 + + e + H-
Second, for several commonly used reagent gases, reagent gas ions react with 
reagent gas molecules to form a variety of secondary ions that are stable with respect to 
further reaction with reagent gas. For example, if methane is selected as the reagent gas, 
the predominant secondary ions formed are C H 5 + , C2H5+, and C3H5+ 
C H 4 + + C H 4 • C H 5 + + CH 
C H 3 + + C H 4 ——• C 2 H 5 + + H 2 
C 2 H 5 + + C H 4 • C 3 H 5 + + 2 ¾ 
In the final step of the ionisation of sample molecules, positively charged 
sample ions are formed by the transfer of a proton from a secondary reagent gas ion to a 
sample molecule, by the abstraction of a hydride ion by a reagent gas ion, by charge 
transfer, or by an ion association reaction in which an adduct ion is formed between a 
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reagent gas ion and a sample molecule. The four principal reactions between reagent gas 
ions and sample molecules are as follows: 
Proton transfer: (RH)^+A • R + (AH)^ 
Hydride abstraction: R+ + AH • RH + A+ 
Charge exchange: R+ + A • R + A+ 
Association: R+ + A • (RA) + 
where R+ is a primary or secondary reagent gas ion and A is the neutral sample molecule. 
2.3 Analytical method 
2.3.1 The use of combined gas chromatography mass spectrometry in the analysis 
of plasticisers 
Gas chromatography is a separation technique used as a complement for mass 
spectrometer to qualitatively identify and quantify individual unknown compounds in a 
sample. The extremely high sensitivity and selectivity of the combined gas 
chromatography-mass spectrometry (GC-MS) is of particular advantage for trace analysis 
of plasticisers, which may be present in food at ppm concentrations or below. Analysis by 
GC-MS is possible only after an often long and laborious purification sequence. The 
extent and nature of the purification steps will depend on the type of food to be extracted, 
the concentration of the substance of interest in the food sample and the nature of the 
major contaminants. 
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2.3.2 Identification by GC/MS 
The identification by GC-MS may be possible from 10 ng of a compound provided 
its mass spectmm is relatively free from extraneous ions. The identification requires 
comparisons with authentic compounds, both on the basis of their mass spectra and GC 
retention times. This latter property can be of considerable value, especially when the 
capillary columns of very high resolving power are used. Although the resolution on such 
columns is not sufficient to give an identification solely on retention time, samples and 
standards having different retention times are clearly not identical compounds. 
The value of mass spectra lies in their high information content. It is often possible 
to compare two mass spectra at several hundred different points. Thus most compounds 
can be distinguished on the basis of their mass spectra, and good matches give a high 
confident of identity. The mass spectra of some compounds, however, are 
indistinguishable. For example, DBP and DIBP can be distinguished only by their different 
GC retention time. Thus combining capillary GC with MS produces a powerfiil analytical 
technique. Most attention, however, will be given to the GC-MS analytical procedure 
itself, which will be discussed in terms ofboth qualitative and quantitative analysis. 
2.3.3 Qualitative mass spectrometry 
Electron impact (EI) positive ion mass spectra are probably the most useful for 
identifying previously characterized compounds. A certain degree of fragmentation is 
necessary to produce a spectrum with sufficient information content to be useful for 
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identification. Less energetic ionisation processes such as chemical ionisation (CI) are 
valuable for determining the molecular weight of unknown compounds that give no 
molecular ion by EI mass spectrometry. 
The use of dedicated computers in combination with GC-MS instruments has 
revolutionised the procedure as an analytical technique. Data systems have become 
especially valuable with the advent of capillary GC columns, which require rapid scanning 
rates to take full advantage of their high resolving power. Total cycle times of 1 s or less 
are now routine. The vast amount of data collected in a typical GC run of around 30 
minutes can only be processed practically by computer. It is often impractical to examine 
every GC peak in such an extract, especially when the compounds of interest are very 
minor components. In such circumstances it is possible to search for these compounds 
using mass chromatography, also known as mass fragmentography or cross-scanning. The 
computer is instructed to search every scan in a mn for ions characteristic of the potential 
components. Scans containing these ions are then displayed in full and compared with 
standard spectra. It is common practice to subtract a background scan containing 
extraneous ions due to column bleed etc. from the scan of interest in order to produce an 
enhanced spectrum that is easier to interpret. Subtraction of one scan from another may 
also assist in interpreting mixed spectra resulting from components that are not completely 
separated. If the components are only slightly separated, it should be possible to obtain a 
clean spectrum of each. However, this technique should be used with caution as the 
resulting subtracted spectra are sometimes typical of the compound. 
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The matching of sample and reference spectra often tends to be subjective, 
especially if the sample spectrum is weak and contaminated. In practice, spectra are 
compared on the basis of relatively few characteristic ions, usually in the higher mass 
region where ions are common to fewer compounds, m/z 149 was used to characterise for 
phthalates and m/zl29 for the adipates. The GC-MS data libraries may be searched by the 
computer for close matches with sample spectra. If the mass spectra of most growth 
substances being studied are not included in the available libraries, users can construct our 
own library if there are a large number of authentic standards. In practice, spectra need to 
be fairly intense and free from extraneous ions for a library search to be successful. 
2.3.4 Quantitative mass spectrometry 
Quantitative MS is based on the use of a isotope labelled as an internal standard. 
The standard, which ideally is a labelled analogue of the compound being analysed, is 
added to the food extract immediately after homogenization, so that purification losses are 
accounted for. The relative amount of endogenous compound and internal standard are 
then determined by measuring the intensities of equivalent ions in the mass spectra of the 
two compounds. 
2.3.4.1 Isotope dilution technique 
It is obviously important that the internal standard should be chemically very 
similar to the analyte. The analyte and internal standard do not separate during 
purification. The labelled internal standards are stable during extraction and purification. 
Chapter 2: Instrumental and Analytical page 40 
Since a labelled analogue of the analyte is used as internal standard, it is desirable that the 
ions monitored are sufficiently different in mass to prevent cross-interference by 
isotope-containing ions. This requires that at least two atoms of 2H are incorporated into 
the standard. The possible isotopes for use with plasticiser substances are 4H. Deuterated 
compounds may separate slightly from their protonated equivalents on GC, the degree of 
separation depending on the extent and position of substitution. Isotope dilution gives 
better determined mass chromatogram profiles than from ion intensities in individual mass 
spectra. Labelled analogue used were d4-phthalates and d4-adipates. In such case ions of 
similar mass should be monitored, my^zl49 and m/zl29 for phthalates and adipates, 
respectively. 
The internal standard was prepared from adipic acid and phthalic acid by labeling 
with four deuterium atoms on C2, C2, C5 and C5 ,and C 3 , C 4 , C 5 and Ce, respectively. A 
calibration curve was constructed by mixing different proportions of deuterated and 
normal phthalate and adipate. The mixtures as derivative were subjected to GC-MS in EI 
mode, and the peak areas for the ions at m/z 129 (adipate) and 133 (D4 adipate), 149 
(phthalate) and 153 (D4 phthalate) were measured from the mass chromatogram. These 
fragment ions were chosen for quantitation because the signal of molecular ion for those 
plasticisers are relatively weak. 
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Chapter 3 : Analysis of plasticisers in the food packaging materials 
3.1 Introduction 
All plastics, in addition to the basic polymer derived from the petroleum industry, 
contain a number of other substances added either deliberately during manufacturing and 
processing or, unavoidably, as residues from polymerisation reactions. Polymers themselves, 
being of very high molecular weight, inert, and of limited solubility in aqueous and fatty 
systems, are unlikely to be transferred into food to any significant extent (37). Even if 
fragments were accidentally swallowed, they would not react with body fluids in the digestive 
system. Concern over the safety in use of plastics as food packaging materials arises 
principally from possible toxicity of other low molecular weight components that may be 
present in the product and hence, leached into the foodstuff during storage. 
Plasticisers may be defined as substances incorporated in a material to increase its 
flexibility, workability and stretchability. They are mainly organic esters with high boiling 
points. The wide varieties of phthalic acid esters which account for some 90% of the total 
production of plasticisers, result from the continuing search of cost effective general 
plasticisers such as from novel alcohols. With the increase in demand for PVC after the 
Second World War, many types of plasticisers have been developed. Those currently used in 
PVC include phthalates, phosphates, aliphatic dibasic acid esters (including adipates) and 
polyesters. Phthalates account for the largest share in the PVC plasticiser market, with di-2-
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ethylhexyl phthalate and di-isooctyl phthalate being the most important. A widely used 
plasticiser in PVC for food contact applications is di-2-ethylhexyl adipate. 
In recent years, concern over plasticiser usage in food contact material arose 
when the National Toxicology Program in the USA published results indicating that 
DEHP and DEHA cause carcinogenic effect in mice(i7'i8) The diffusion of chemicals in 
polymers is a phenomenon that is of interest to the Food and Drug Administration (FDA) 
in the United States in its regulation of polymeric food packaging materials. Any material 
that migrates from packaging materials into the food becomes an indirect food additive. 
Migration of the constituent into foodstuff in a measurable quantity is possible from many 
food contact materials. Plasticisers can be present in food packaging in significant amounts 
and have potential to migrate into food. More information is needed about which 
plasticisers are being used in food contact applications in Hong Kong and at what levels. 
3.2 Experimental and Instrumental 
For analysis of plasticisers in packaging materials, the extract was analysed by 
an HP-5890 gas chromatography equipped with a flame ionisation detector. A 30m x 
0.25mm I.D. HP5MS fused silica column was used with nitrogen as carrier gas with 
column head pressure of 15 psi. The column temperature was programmed as following : 
the oven temperature was set at 100°C, held for 1 minute, then increased at a rate of 
6°C/min, it was held at 280 °C for 5 minutes. Quantification was based on peak area ratio 
employing DffiP as internal standard. 
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3.2.1 Reagents 
The plasticiser standards were purchased from TCI Chemical Co. (Tokyo). 
Solvents used were all analytical grade. They were double distilled and were tested to be 
plasticiser-free before use. All glassware was rinsed thoroughly twice by distilled acetone 
before use in order to minimize cross contamination. The stock solution was prepared by 
weighing about O.lg standard and dissolved in n-heptane and diluted to 50ml. The dilution 
factor for each dilution was not more than 100 fold. The working mixed standard solution 
was about lOppm of each plasticisers. 
3.2.2 Materials 
Foodstuffs were obtained in local supermarkets and from retail food shops. All 
samples were stored in their original packaging under recommended conditions (either 
refrigerated or at room temperature) until their 'sell by' or ‘best before’ dates. Items that 
were not date-marked, or that had a very long shelf-life such as confectionery were 
normally kept for two weeks after purchase. 
3.3 Identification of food packaging materials 
Three methods have been used to identify the nature of the packaging material, 
which are Fourier transform infrared spectrometric method, burning test and solvent 
dissolution. 
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3.3.1 Fourier transform infrared spectrometry 
Among the three methods, Fourier transform infrared spectrometry provides a 
quick and accurate result for the analysis. It was employed when the packaging material 
was found to be a transparent film. The high sensitivity and specificity of FTIR make it an 
ideal characterisation tool for polymer films, and characteristic of food packaging 
materials. The sample preparation procedures are simple and no special sample chambers 
such as high vacuum are required. The packaging films from retail food samples were 
characterised using an FTIR instrument (model 205XC Nicolet Spectrometer) and 
compared the spectra with those films ofknown composition. 
3.3.2 Burning test 
The burning test can identify the packaging material according to the following 
characters(38) ： easiness in burning, continuation ofburning after leaving the fire, colour of 
flame, appearance of the sample and their odour. The characteristic of different packaging 
materials are listed below (Table 1): 
Table 1. The characteristic of different packaging materials 
I Packaging PVC PET p f f i ^ p C 
material 
I Easiness in No Yes Yes Yes Yes 
burning 
Continuation of No Yes Yes Yes Yes 
burning after 
leaving the fire 
Colour of flame Yellow, Yellow, Yellow, Yellow, Yellow, 
Green Black Blue Blue Black 
Appearance of Soften Burned Burned Burned Be Be 
sample sound 
Odour Sour Smelly Paraffin-like Petroleum-like Fragrant 
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3.3.3 Solvent dissolution method 
The solvent dissolution method(38) was used, when the packaging materials were 
coloured materials and there were difficulties to distinguish their nature in the burning 
test. The procedure was shown in the following ( Figure 4): 
cut sample to pieces and 0.5g was taken 
，r 
not soluble | toluene ~~soluble“ 
^ ^ F ^ r r T ^ : ^ = ^ 
I ethyl acetate methanol 
not soluble not soluble 
water ethyl acetate 
j I 1 "^^^^—^———^—^ + 
not soluble not soluble 
tetrachloromethane tetrachloromethane 
^ ^ ^ ^ ^ \ 
not soluble ^ ^ \ ^ 
not soluble — souble cyclonexane L _ _ _ _ _ J 
^ / ^ ^ ^ 丄 ，’ 
1 r 
not soluble | | soluble | |polycarbonate(PC)"] polyethykne (PE) 
o-cresol polypropylene (PP) 
，r 
• ^_^^^^_.___^^^_^^^_^^^^^^^_......__ 
^^soluble polyvinyl chloride (PVC) 
^ 
polyethylene terephthalate (PET) 
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Figure 4 : Solvent dissolution method procedure 
3.4 Analysis of plasticiser in packaging materials 
It is well known to analysts engaged in GC that quantitative analysis of a 
sample involves the measurement of the area under a chromatographic peak, as this is 
directly related to the amount of the component present. The major success in GC 
application is firstly due to the high efficiency of separation with capillary columns, 
secondly to the high sensitivity of the detection, and finally to the precision and accuracy 
of the data for quantitative analyses of very complex mixtures. If the identity of the 
component is known, a quantitative assessment can be made by comparison with internal 
standard amounts of the pure compound under the same chromatographic conditions. 
The internal standard method involves the addition of a known amount of a 
selected compound to a known amount of sample. This mixture is compared with several 
reference mixtures containing the same amount of the selected compound added to 
various amounts of the component under evaluation in the sample. The selected 
compound is referred to as internal standard and is chosen such that it should be located in 
the chromatogram close to but not overlapped with the peaks under evaluation. Obviously 
the compound chosen must not react chemically with the sample, and must not be present 
in the sample. It was found that DIBP fulfilled all these requirements and was chosen as 
the internal standard. 
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A typical FE) chromatogram showing a test mixture of plasticiser standards 
used for characterizing films is illustrated in Fig. 5. Identification of the plasticisers can 
usually be made on the basis of retention times compared with standards. However, this 
approach cannot be used for determining polymeric plasticisers, which need to be analysed 
separately. The GC analysis can also be difficult for quantification of the complex mixtures 
of isomeric plasticisers and compound which co-elute under the normal GC conditions. 
Therefore, GC-MS is required to distinguish between these two components. The 
chromatogram (Figure 5) and retention time (Table 2) of the 13 plasticisers standard are 
listed in the following: 
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Figure 5. The chromatogram of the plasticisers standards ( each of30ppm) by GC/FE) 
1. Diethyl Phthalate 8. Di-(2-ethylhexyI) Adipate 
2. Di-isobutyl Adipate 9. DiphenyI 2-ethylhexyl Phosphate 
3 Di-isobutyl Phthalate * 10. Di-(2-ethylhexyl) PhthaIate 
4. Di-n-butyl Phthalate 11. DicyclcohexyI Phthalate 
5. Di-n-butyl Sebacate 12. Di-n-octyl Azelate 
6. Tributyl 0-Acetyl Citrate 13. Di-n-octyl Sebacate 
7. Benzyl n-butyl Phthalate ( *=internal standard) 
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Table 2. Retention time of 13 plasticisers 
Abbreviation Plasticiser Retention time (min) 
DEP Diethyl Phthalate 11.29 
DfflA Di-isobutyl Adipate 12.85 
DffiP Di-iso-butyl Phthalate 16.13 
DBP Di-n-butyl Phthalate 17.72 
DBS Di-n-butyl Sebacate 20.95 
ATBC Acetyl Tributyl Citrate 22.38 
BBP Benzyl n-butyl Phthalate 23.66 
DEHA Di-(2-ethylhexyl) Adipate 24.23 
DPOP Di-phenyl 2-ethylhexyl Phosphate 24.75 
DEHP Di-(2-ethylhexyl) Phosphate 25.92 
DCHP Dicyclohexyl Phthalate 26.26 
DOAZ Di-n-octyl Azelate 28.24 
DOS Di-n-octyl Sebacate 29.48 
3.4 Extraction of plasticisers from the packaging materials 
Several methods for the identification and measurement of plasticisers in films 
were used. It was found that all major plasticisers could be extracted efficiently by 
chloroform extraction and the solvent reflux method. The plasticisers were identified by gas 
chromatography and were appropriately quantified after the addition of an internal standard. 
In some cases mass spectrometry was used to confirm the identifications. 
As it has been mentioned before, there is not any single analysis to be adequate for 
detecting all plasticisers, but a knowledge of the film type is helpful in deciding on the most 
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fruitftil approach. In this study, the chloroform extraction method was used for 
polypropylene, polyethylene terephatalate, nylon and polyvinyl chloride copolymer. For 
cellulose acetate and polyethylene, reflux method was used with hexane/ethanol (1:1) and 
/Q X � 
toluene, respectively. They have been proved to be an effective method�‘ 
3.4.1 Chloroform extraction 
Chloroform extraction method was described as following: a portion of the 
packaging material (approximate ldm^) was weighted accurately and cut into small pieces. 
They were put in a glass sample bottle and was allowed to stand overnight in 10ml 
chloroform containing lOppm DIBP as internal standard. The chloroform extract was 
(filtered before use in some cases) analysed by gas chromatography. 
3.4.2 Solvent reflux method 
2 • 
A portion of packaging material (approximate 1dm ) was weighted accurately 
and cut into small pieces. They were put in a 250ml round bottom flask, 2ml of internal 
standard (lOOppm DIBP) and 18ml appropriate solvent were added. The mixture was 
heated to boiling and refluxed for 90 minutes. For cellulose acetate and polyethylene, 
reflux method was used with use ofhexane/ethanol (1:1) and toulene, respectively. 
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3.5 Result and Discussion 
3.5.1 Precision test 
Precision is universally considered to be the mutual agreement of individual 
measurements about a certain mean value. The data were obtained by 10 injections of 
plasticisers with internal standard into the GC The ratios of the peak areas of the 
standards to the internal standard were recorded. The relative standard deviations were 
calculated individually for all plasticiser standards. The precision of the measurement was 
very high. The precision tests of the plasticisers mixed are listed in the following (Table 3): 
Table 3. Precision test of plasticisers 
PLASTICISER Mean Peak Area Ratio Relative standard deviation 
of response factor (%) 
DEP 0.073 2.6 
~ D f f i A 0.084 L5 
DBP 0.092 2.2 
DBS 0.092 T~l 
~~ATBC 0.071 2.2 
BBP 0.083 ^ 
^ D E H A 0 l ^ • ^ 
~~DPOP 0.081 2.5 
^ D E H P “ 0.083 2.3 
^ D C H P 0.094 3A 
^ D O A Z 0.072 3.6 
~ D O S ~" 0.085 4 6 
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3.5.2 Calibration curve 
The ability of instrumental analysis techniques to handle a wide range of analyte 
concentrations means that the results are calculated, and the random errors evaluated, in a 
particular fashion that differs from that use when a single measurement is repeated several 
times. Calibration curves can readily be established because, in this case, the ratio of the 
area of the sample component peak to the area of the standard peak of the reference 
compound is directly proportional to the concentration of the respective component in the 
sample. The procedure is as following: a series of analyte with different concentrations 
were used (lppm, 4ppm, lOppm, 50ppm, lOOppm, 500pm) with DffiP as the internal 
standard (lOppm). These calibration standards were analysed in the GC under the same 
conditions as those subsequently used for the test samples. Once the calibration graph has 
been established, the analyte concentration in any test sample can be obtained. The graph 
of calibration curve are shown in the appendix. The data for the calibration curve and 
correlation coefficients, R, are shown in the following (Table 4a and 4b): 
Table 4a. Calibration ofplasticisers ( DEP, DffiA, DBP, DBS, ATBC and BBP) 
conc.(ppm) “ R F DEP | DIBA | DBP D B S “ ATBC B B P “ 
i 0.069~~~0.0641~~0.084~"~0.075 0.077~~0.088 
4 0.315 0.3234 0.398~~0.354 0.303 0.352 
l0 0.748~"~0.825^~0.967~~~0.949 0.745~~0.840 
50 3.703~~4.070~~~4.339~~4.455 3.326~~^4.126 
1 ^ 8.079~"8.639"““9.249~"9.239 6.584"“^8.385 
5 ^ 47.01 ~~~48.75~"~46.95~~^45.30 32.75~~~42.25 
R 0.9995~~^0.9997““0.9999 0.9999~~0.9999 0.9999 
Chapter 3: Analysis of plasticiser in the food packaging materials page 33 
Table 4b. Calibration ofplasticisers (DEHA, DPOP, DEHP, DCHP, DOAZ and DOS) 
conc.(ppm) RF DEHA DPOP DEHP DCHP DOAZ DOS 
i 0.087~~"0.082~~0.090~~~^0.100~~0.069 0.099 
4 0.428~"0.342~"~0380~~"0.430~"0.330 0.372 
^ 1.082~~0.845~~^0.919 1.032^"0.688 0.888 
50 4.876~~~4.107~~~4.507""^4.985~""3.463~~4.561 
1^5 9.585^~8.038~~8.855~"9.646~~6.641 8.466 
5 ^ 47.12~~~40.26~~42.65~~"47.65"""32.15~""40.80 
R 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 
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3.5.3 Detection Limit 
The detection limit is ranged from 0.4 to 1 ppm, demonstrated by spiking plasticisers 
mixture into packaging materials, they were treated by the describe procedure, the data 
are summarised in the following (table 5): 
Table 5 : Detection limit of plasticisers 














_ _ _ _ = _ L _ ^ _ ^ = _ _ _ J 
3.5.4 Recovery 
The recovery was demonstrated by spiking lOppm plasticisers mixture into the 
packaging materials, they were treated by the describe procedure, the recovery were 
corresponding to the spiking level the result were summarised in the following table: 
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Plasticiser Plasticiser found in Biscuit，s Plasticiser found in 
packaging material (%) Cling Film (%) 
DEP ^ 117.7 
DffiA 111.8 i ^ 
DBP 102.9 107.8 
DBS 103.1 108.1 
ATBC ^ i ^ 
BBP 117.4 ^JA 
DEHA I m i ^ 
DPOP 101.0 106.4 
DEHP 103.8 107.2 
DCHP ^ 110.1 
DOAZ f 0 5 ^ ^ 
DOS I ^ n f m 
3.6 Survey of the level of plasticisers in food packaging materials 
Table 6: Plasticisers found from the packaging materials of"meat product" 
Remark : x = not found / lower than the detection limit 
FOOD ITEMS POLYMER PLASTICISER PT.ASTTCTSFR T,F,VFT, 
TYPE [ig/g pig/dm^ 
Japanese roast cuttle fish PP DBP ^ T | 40 
DBS 85 50 
DOS 1_5 ^ 
Sata fish PP DBP ^ ^ 
DBS 80 30 
DCHP ^ ^ 
Chili squid PP DBP � 6 45" 
DBS 100 60 
DOS 31 18 
ATBC H 8_ 
Shred pork PP DBP l o 40" 
DBS 7 0 j ^ 
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Chili beefjerky PP DBP 88 41 
Pork floss ~ ^ DBP ~ ~ 120 55 
ATBC 22 10 
DCHP n L 
Chili baby squid ¥ ? DBP ^ 60 
DCHP l_^ Z2_ 
Cuttle fish ¥ ? DBP ^ 40 
DCHP n o ^ 
Japanese roast crab ^ DBP 55 25 
Japanese roast squid 1 ^ DBP 280 125 
D^ 
Chili Fish PP DBP ^ ^ 
Ladybird seasoned PP (film) DOT 170 65 
roasted cuttlefish ATBC 36 19 
PET (tray) BBP 50 125 
DPOP 295 720 
DOAZ ^ 1100 
ParkNfish ball ¥ ^ Polymeric x x 
combination 
ParkNMexicanBBQ PVC Polymeric x x 
chicken mid joint wing 
Park N pork lean meat PVC Polymeric x ^ 
Park N smoked streaky PVC Polymeric x x 
bacon 
ParkNblack pepper PVC Polymeric x x 
BBQ Austrian beef steak 
Park N honey BBQ char PVC Polymeric x x 
siew 
China mince pork P W BBP ^ 12 
DCHP W 4_ 
China mince beef F ^ DBP ^ 5 
DCHP ^ 9_ 
Best buy Ham PE DCHP 50 10" 
Doll dumping PP x x ^ 
Doll wonton PP x x ^ 
Winner sausage F ^ ATBC 12270 8300 
DEHA ^ ^ 
Garlic sausage F ^ DBP Is W 
DEHA 9 9 
DPOP 1580 1528 
DCHP ^] J ^ 
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Fish sausage PVC [ 5 5 5 ^ ^ 
BBP 26 17 
DPOP 915 590 
P a r k N U S chicken F ^ DCT 110 22 
whole leg DBP 125 25 
DEHA 720 145 
Table 7: Plasticisers found in packaging materials of“snack:, 
FOOD ITEMS POLYMER PLASTICISER LELAS3m"TSFE T ,FVF,L 
TYPE ug/g pig/dm^ 
Honey with sesame a n d ~ ~ ¥ ? DBP 120 50 
walnut 
Peanut cake ^ X DBP 36 10 
DCHP H 4_ 
Preserved kumquat PP — DBP 66 ^ 
Chili olive 1 ^ DEP 55 23 
DBP 75 ^ 
Haw flake PP ^ ^ 27 
DEHP l_^ i L 
Dried lemon PP ^ B P ^ 29_ 
Dried mango PP DBP ^ ^ 
Preserved olive PP DBP ^ ^ 
Lemonade ginger PP DBP 30 12 
DCHP ^ 26 
Pitted prune PP ^ B P ^ ^ 
Preserved plum PP DBP ^ } L 
H.F. dried pineapple ^ DBP 140 105 
DCHP 12 ^ 
One-one vegetarian PP DBP 73 23 
foods DBS 200 60 
ATBC 145 45 
DEHA ^ ^ 
Table 8: Plasticisers foundfrom the packaging materials of"Sweet & Candy’’ 
FOOD ITEMS POLYMER | PLASTICISER PT.ASTTCTSFR T,F,VF,T, 
TYPE pig/g _ m 2 
Fruit chewing gum PP DCHP 15 | 9 
Marshmallow PP x x ^ 
Gummy fruit salad PP DBP 65 ^ 
Gummy candies assorted ^ DCHP 16 9 
DOS ^ ^ 
Chapter 3: Analysis of plasticiser in the food packaging materials page 38 
egg pudding [ W | ^ ^ | ^ ^ 
D^ % ^ 
gum in coca cola flavour PP DBP ^ ^ 
gum in lime flavour ~ ^ DBP ^ 42 
DCHP H 5 6 ^ 
gummy fruit assorted PP DBP _^5 22 
gummy egg ^ x x ^ 
Strawberry gum slice PP DBP Z§ 32 
Ferrero Raffaello ~^X D B P ~ ~ 50 20 
Confetteria DBS 50 20 
DCHP 70 ^ 
Dextro-spot D-glucose W DBP 7360 3090 
lemon candies DCHP 5270 2210 
Cool candies CT DBP 70 35 
DBS 45 22 
DEHA ^ ^ 
Best buy gummy PP DBP 80 29 
assorted candies 
Eiwajam marshmallow~~¥P DBP 75 40 
(strawberryjam) DBS 95 _ ^ 
Table 9: Plasticisers found from the packaging materials of“Chinese Seasonal Food’， 
FOOD ITEMS POLYMER | PLASTICISER PT,ASTTrTSF,l^  T,F,VF,T, 
TYPE ^ig/g ^ig/dm^ 
Wing Wah white lotus PET DBP H ^ 80 
moon cake DBS 55 30 
DCHP n 9_ 
Hang Hong moon cake ¥ m DBP 50 25 
ATBC 105 52 
DCHP }2 l_^ 
Kei Wah moon cake 5 ^ DBP 1 ^ 48 
DBS 160 72 
DEHA 32 15 
DCHP ^ ^ 
Man Yuen moon c a k e ~ PP DBP 105 45 
D ^ U0 ^ 
Saint honore Moon Cake PET DBP 50" 25 
DBS 60 30 
DCHP ^ ^ 
Wah Yuen Coconut PP DBP ^ 5 ^ 
Coconut juice year cake PVC [_x ^ ^ 
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Streamed sticky rice PVC jlDBP 8 ^ ~ 
BBP 13390 2490 
DCHP l _ ^ 260 
Rose year cake PVC x x ^ 
Rice noodle rolls with PVC x xl x 
dried shrimp 
Maxim moon cake PET DBP 15 8 
DCHP ^ ^ 
Table 10: Plasticisers found from the packaging materials of“Ice Lolly” 
FOOD ITEMS POLYMER PLASTICISER PT ASTTCTSFE T,F,VF,T, 
TYPE |Lig/g ^g/dm^ 
Kiwi&pineappleflavour PP DBP 4 ^ 180 
ice bar B ^ £70 190 
Orange flavour ice bar ¥P DBP 185 75 
D ^ ^ 90 
Lime & vanilla flavour PP DBP 1 ^ 47 
ice bar DBS 260 100 
DOS ^ 77 
Water melon flavour ice~~¥? DBP 460 180 
bar DBS 5 ^ 193 
Triangle water melon ¥P DBP 130 50 
flavour ice bar DBS 2 ^ 88 
Mug beam flavour ice PP DBP 110 45 
bar D ^ l_30 ^ 
Red beam flavour ice bar ~¥P DBP 115 45 
D ^ l_3S 55 
Mango pudding ice bar W DOT 135 55 
DBS 180 75 
D^ ^ 4^ 
Strawberry chocolate ice PP S ^ 120 50 
bar 
Nestle pineapplejelly Nylon DBP 15 10 
DBS 90 55 
DEHA 18 10 
DCHP ^ ^ 
Mountain cream zebra PP DBP 210 85 
ice creambar DEHA 2 ^ 9 ^ 
Mars ice cream snack PP DBP 240 95 
DEHA ^ 100 
Chocky ice bar Sp DBP 1 ^ ^ 
DBS 110 45 
DOS 90 40 
DCHP ^ n _ 
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Table 11: Plasticisers found from the packaging materials of"Confectionery" 
FOOD ITEMS POLYMER PLASTICISER ?T ASTTCTSFR T,F,VF,T, 
TYPE u ^ g ^ig/dm^ 
Lemon biscuit ^ST DBP 5 ^ ~ ~ ^ ] ^ _ ^ ^ 
Pacific sesame biscuit W DOT 400 200 
DBS 770 385 
DCHP 140 70 
D^ ^ ^ 
Maltose cracker PP DBP 62 25 
DBS 78 30 
DCHP ^ 10_ 
Galabiscuit EP DBP 4 ^ 21 
DBS 38 20 
DCHP l_5 8_ 
Garden cheese biscuit W DBP 80 40 
DBS 130 65 
DCHP ^ 20 
Garden peanut biscuit PP DBP _ 60 ^ 
Chocolate finger T p DBP 4840 2080 
ATBC 750 322 
DCHP ] ^ 815 
Fried dough PP ^ ^ 29 
DCHP l_2^ ^ 
Peanut Pastilles PP DBS — 120 ^ 
Maxim's egg roll PET DBP 63 25 
DBS 100 40 
DEHP 30 lJ^ 
Raisin loaf PP x x ^ 
Garden cream bun PP x x ^ 
Mini Streamed bun P W DBP 80 15 
DBS 19740 3665 
BBP 13390 2490 
DCHP 1405 2610 
Longevity bun F ^ DBP W 15 
DBS 24460 4900 
BBP 16940 3390 
DCHP 17590 3500 
Vegetable pork bun F ^ DBP 180 34 
DBS 32880 6210 
BBP 29830 5640 
DCHP 35430 6690 
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I Taro & Dried shrimp PVC | ^ B P H o ] ^ 
sliced pork bun DBS 43110 8010 
DCHP 37550 6970 
B ^ 29800 5540 
Cantonese sponge cake P W ATBC 140 28 
BBP 44850 8970 
DOS ^ LL 
Yamazaki almond snack~"PP DBP 87 24 
DBS 120 34 
DEHA 47 13 
DCHP 47 U_ 
Yamazaki soft cheese PP DBP 80 22 
cake DBS 128 35 
DEHA ^ iq_ 
ParkNegg thread roll ^ ATBC ^ 23 
DEHA 410 79 
DCHP 9960 1925 
DOAZ \ _ ^ 325 
Garden vanilla cake ¥P DOT 55 20 
DBS 95 33 
BBP 38 13 
DCHP 78 28 
Yamazaki soft cake ^ DBP 1 ^ 42 
DPOP 107 38 
BBP 175 48 
DCHP 62 lJ_ 
Garden wheat crackers PP DBP 110 55 
DEHP ^ U_ 
I Garden walnut cake CA x x ^ 
Garden castilla mini cake CA DBP 81 37 
(chocolate favour cream DBS 26 12 
filling) DCHP 22 10 
D^ ^ l_^ 
Garden vegetable W DBP HS ^ 
crackers DCHP ^ U_ 
Yamazaki table roll (milk PP DBP 130 40 
bar) DBS 140 43 
DEHA ^ ^ 
Garden plain pancake PP DOT ^ 50 
DBS 120 28 
DOS 92J 2 ^ 
Chapter 3: Analysis of plasticiser in the food packaging materials page 62 
Vicenzi Glazed PufF Hpp | ^ B P ^ ^ ^ 
Pastries DEHA 20 10 
DEHP 90 45 
DCHP 16 8_ 
Life bread PP DBP ^ 20 
DEHP l_^ ^ 
Lemon flavour crisp PP — DEHA U 0 5 ^ 
Wheat bread ~W DBS 72 27 
DEHA 135 50 
DCHP l i J 1 ^ 
Table 12: Plasticisers found from the packaging materials of"miscellaneous food type” 
FOOD ITEMS POLYMER PLASTICISER PT ASTTrTSFR T ,F,VFT, 
TYPE |^g/g iLig/dm^ 
Beam curd dried PP DBP 74] 48 
DBS 95 62 
DEHA ^ l±_ 
Sogo PP D l P ^ 15 
DBP 200 40 
DBS 200 40 
DCHP ^ 1 ^ 
Spiral pasta PP DBS — ^ 11. 
macaroni PP DBP 55 35 
DBS 60 38 
DEHA 60 38 
Nissan Deae Ramen PP DBP 50 18 
DBS 100 38 
ATBC 2585 960 
DCHP ^ 9_ 
Spiral spaghetti PP DBP ^ 35 
DBS 60 40 
Instant rice vermicelli PP DBP ^ W 
DBS 55 25 
DEHA 102 45 
DCHP ^ 1_^ 
Imitation scallops noodle PP DBP 43 27 
D ^ 70 44_ 
ParkNporkflavoured P l DBP ^ 1 ^ 
instant noodle DBS 20 12 
DEHA 8 5 
J DCHP u ] 9_ 
Chapter 3: Analysis of plasticiser in the food packaging materials page 63 
Double swan peanut | T p jlDBP ^ 70 
DBS 120 95 
DOS ^ 5^ 
Dongquan rice vermicelli CA DBP 80 26 
DOS ^ 1 ^ 
Red beam cake ¥ ? DBP ^ 10 
DBS 160 51 
DEHA 140 45 
DOS ^ 6^_ 
Tung I instant noodle PP — DBP ^ 150 
Beam curd dessert PET DBP 50 30 
DPOP 30 18 
D ^ ^ ^ 
Doll spring roll shell PP DBP 1^ 9 
DBS 55 25 
Cheddar Cheese PET x — x ^ 
Processed cheddar P l f DBP 80 20 
cheese 
Grape P W DBP 五 15 
DBS 1730 345 
DEHA 830 165 
DEHP 7% 160 
Eatwell qingdao boiled""" PP x x x 
dumpling 
Mozzarella Cheese Nylon DBP 23 16 
DBS 45 33 
DOS l_^ 120 
English Double Nylon x x x 
Gloucester cheese 
Edam Nylon DOT 1 ^ 125 
DBS 270 170 
DPOP 35 22 
DEHP 32 20 
Desiccated coconut PP 5 i 5 33 25 
DEHA 56 42 
DOS ^ 155 
Granulated sugar P l DBP 15 11 
DBS 46 39 
DCHP U l_5_ 
Super seasoning PP x x ^ 
Ideal Table Salt PE BBP 82 6 ^ 
Best Buy Table Salt PE DBP 30 22 
DOS 190 135 
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Robinson Jelly PE DEHA 3 0 ~ 185 
Cane Sugar PE DBP H l_^ 
Red bean ~ ^ DBS 240 87 
BBP 970 350 
DCHP 60 ^ 
Ideal sugar re x x ^ 
Beanthread ~ ^ DOT 36 20 
DBS 80 45 
DCHP ^ ^ 
Preserved dates 一 PP x x ^ 
Agar Agar PP — x x ^ 
Yellow split peas PP DBS 39 32 
Table 13: Plasticisers found from the packaging materials of“Drinks” 
FOOD ITEMS POLYMER PLASTICISER PT ASTirTSFl^ T,F,VF,T, 
TYPE ^g/g pig/dm^ 
Crystal spring honey PET x x x 
lemon 
7 up PET X X ^ 
Tesco low calorie bitter PET x x x 
lemon 
Watson's pure distilled PCT x x x 
water 
Cool distilled water PET — x x ^ 
Vita pure distilled water — PET x x ^ 
Stretton hills natural PET x x x 
mineral water 
Sunfill orange juice PET x | x x 
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Table 14: Plasticisers found from the wrapping film 
WRAPPES[GFILM POLYMER PLASTICISER PT ,ASTTCTSFE T FVFT 
TYPE ug/g ^g/dm^ 
Shinetsu Wrap F ^ DBP 2T0] 30 
BBP 10640 1510 
DPOP 125 18 
DOAZ 1430 200 
DCHP 17690 2500 
SaranWrap F ^ DBP i ^ 五 
ATBC 28260 6070 
Glad Microwave Wrap F ^ DBP 540 70 
DBS 840 110 
ATBC 14860 1920 
BBP 75 10 
DOS ^ ^ 
ParkNClingWrap PE DBP 100 10 
DEHP ^ ^ 
Pretty Poly Food Bag PE DBP 170 25 
DBS 150 22 
DEHA 130 20 
DEHP 70 10 
DCHP 70 1 ^ 
No Frill Zipper VE DBP 30 13 
SandwichBag BBP 140 60 
DCHP ^ l_^ 
Dolly food bag PE DBP 1 ^ 12 
BBP 205 17 
DEHA 120 10 
DEHP 480 38 
DCHP n s J 9_ 
Calibration curve were linear with correlation coefficient of 0.9995 to 0.9999. 
Reagent blanks were below the detection limit. The recovery of the method was 
determined by spiking plasticisers mixture with internal standard to the packaging 
materials, the recovery found ranged from 83.1% to 117.8% at spiking levels. The 
precision of the instrument was found to be between 1.5 to 4.6%. The detection limit of 
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the method is range from 5ppm to 10 ppm, demonstrated by spiking plasticisers mixture 
into packaging materials. 
The result showed that a various concentration range of plasticisers were found 
in the packaging materials. The levels of plasticisers were found from ppm level (8^g/g 
DEHA was found from pork instant noodle) to percentage level (4%w/w DBS was found 
in PVC film). It shows that there is variation on the usage of plasticiser, therefore 
regulation are required for the usage of plasticisers in Hong Kong. 
3.7 CONCLUSION 
Gas chromatography in analyzing mixtures of plasticisers is a suitable method 
with regard to precision and analysis times. Reliable analytical results can be obtained 
especially if the identity of plasticisers are known and are available in high purity for the 
necessary calibration measurements. A total of 162 samples were examined. These 
included 96 polypropylene, 12 polyethylene, 26 polyvinylchloride, 19 polyethylene 
terephthalate, 5 cellulose acetate and 4 nylon. It shows that polyproylene contribute a 
major usage of packaging materials. In this study a simple and efficient chloroform 
extraction method was used to analyse these varies types of plasticisers, except for 
cellulose acetate and polyethylene, they required the use of solvent extraction method. 
Plasticisers were not found in the bottles for beverages. Some packaging materials were 
found having DBP alone, others contained DBP and DCHP, or all four in combination 
(DBP, BBP, DEHP and DCHP). 
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Chapter 4 Analysis of Plasticisers in foods 
4.1 Introduction 
Most plasticisers are lipid-soluble and therefore analytical schemes normally 
involve initial fat extraction from the food. Separation of the higher molecular weight 
lipids from the lower molecular weight plasticisers can be gel permeation chromatography. 
Analysis of the cleaned-up extract is done by gas chromatography with a capillary column. 
The use of GC-MS has the advantage that stable isotope-labelled internal standards can 
then be employed, and the assay becomes one of isotope dilution. For large numbers of 
survey samples data can be generated quickly, with a high precision and with a high 
confidence in correct identification of the plasticisers being monitored. Precision of the 
order of 2-7% have been routinely obtained and the approach has been applied to a 
diversity of food types from cheese, confectionery, and chocolate to completely cooked 
meals. 
4.2 Experimental and Instrumental 
The extract was analysed with a Varian 3400 gas chromatography with a low 
background DB-5 capillary column, 30m x 0.23 mm I.D. (J&W Scientific, USA). The 
oven temperature was set at 100°C and was held for 3 minutes, then increased at a rate of 
15°C/min and held at 300�C for 10 minutes. Helium was used as the carrier gas with 
column head pressure set at 12 psi. The gas chromatography was equipped with an ion 
trap mass spectrometry detector. Quantification was based on peak area ratio of m/z 149 
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and m/z 129 (for phthalates and adipates), and their labelled internal standard m/z 153 and 
vciiz 133 for d4-phthalates and d4-adipates, respectively. In those that were not labelled 
internal standard, DIBP was used as internal standard. DBS, ATBC and DOS were 
quantified by m/z 185, DPOP and DOAZ were quantified by m/z 251 and m/z 171, 
respectively. 
4.2.1 Reagents 
The plasticiser standards were purchased from TCI Chemical Co. (Tokyo). 
Solvents used were all analytical grade. They were doubly distilled and were tested to be 
plasticiser-free before use. All glassware was rinsed thoroughly twice by distilled acetone 
before use in order to minimize cross contamination. 
4.2.2 Materials 
Foodstuffs were obtained in local supermarkets and from retail food shops. All 
samples were stored in their original packaging under normal conditions (either 
refrigerated or at room temperature) until their recommended ‘sell by, or ‘best before’ 
dates. Items that were not date-marked, or that had a very long shelf-life such as 
confectionery were normally kept for two weeks after purchase. 
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4.3 Analysis 
4.3.1 Selection of Stable Isotope Labelled Analogs 
Stable isotope dilution is the special case of quantitative analysis using internal 
standards where the standard is a labelled isotope of the target analyte. A recent paper 
reviewed some practical considerations regarding the use of stable isotope as tracers in 
clinical studies ^^ \^ Use of internal standard methods for analysis is important when there is 
significant variability in (a) recoveries of analytes, (b) chromatographic retention times, (c) 
derivatisation efficiencies, (d) discrimination effects during injection, and (e) the response 
of the detector (斗。).Of these factors, the first three are frequently encountered during 
analyses of compounds that occur at low levels. The analysis of these substances often 
requires as much precision as can feasibly be obtained to define the amounts of these 
substances. 
Deuterium is the most common heavy stable isotope used for analysis of 
plasticiser because it is substantially cheaper than ^^ C. The labelled standard is isotopically 
pure so that it does not contain detectable amounts of unlabelled compounds. The 
standard contains four deuterium so that the peaks in the mass spectra that arise from the 
labelled compound can be distinguished from peaks that appear due to the natural 
abundance of these isotopes in the 'unlabelled' compound. Therefore, d4-phthalic acid and 
d4-adipic acid are employed for the analysis. 
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4.3.2 Synthesis of deuterated internal standard 
For the analysis of food extracts, internal standards were the deuterated 
analogues of the plasticiser in question where ever possible. In other instants the internal 
standard was chosen on the basis of its proven non-occurrence in the particular packaging 
material. For DEP, DBP, BBP, DEHP and DCHP, the deuterated internal standards were 
synthesised from the d4-phthalic acid and DIBA and DEHA were synthesised from d4-
adipic acid. Deuterated DffiP served as an internal standards for DBS, ATBC, DOS, 
DOAZ and DPOP. The use of the stable internal standard has an advantage, which can 
compensate for losses throughout the procedure, and thus results as reported are for 
actual levels occurring in the foods, and do not require any recovery correction. 
The internal standard used were d4-DEP, d4-DffiA, d4-DBP, d4-BBP, d4-
DEHA, d4-DEHP and d4-DCHP. They were prepared by esterification of d4-phthalic acid 
and d4-adipic acid,(26) respectively. Both of3,4,5,6 -d4-phthalic acid and 2,2,5,5 — d4-adipic 
acid were obtained from CA)/N Isotopes Inc. (Quebec, Canada). To synthesis symmetrical 
phthalates or adipate, 0.1 gram of d4-phthalic acid or adipic acid, 5ml of the corresponding 
alcohol (i.e. ethanol, butanol or cyclohexanol) and 1ml of boron trifluorides etherate were 
refluxed for 1 hour. After the addition of water (15ml), the product was extracted into 
ethyl acetate (60ml), washed with water, and dried with sodium sulphate. The final 
solution was diluted 100 times and the final concentration was quantified by capillary gas 
chromatography. 
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To synthesis of unsymmetric phthalate such as benzyl butyl phthalate, 0.1 gram 
of d4-phthalic acid, 5ml of benzyl alcohol and 1ml of boron trifluorides etherate were 
mixed and the solution was set aside for a while. To allow bulky benzyl alcohol to react 
with the phthalic acid, 1ml of n-butyl alcohol was then added to the mixture. The mixture 
was also refluxed. The procedures of clean up and extraction were same as previously 
mentioned. 
4.4 Extraction of Foods 
To ensure low backgrounds from phthalate contamination, all glassware was 
rinsed with glass distilled acetone immediately prior to use and only glass distilled solvents 
were used. At all stages of analysis contact between food samples and materials other than 
glass was avoided. 
The extraction procedure employed varied slightly depending on the food type. 
They were divided into two categories, non-fatty and fatty food types. Non-fatty food 
include preserved fruits, candies, pasta, and jelly. Fatty food include confectionery 
products, fresh meat, meat products and chocolates. The extraction procedure employed 
varied slightly according to the food type. Small samples (20-30g) were extracted in their 
entirety. For large samples of food, outer surfaces were removed to a depth of 
approximate 5mm, and their material was homogenized in a domestic food processor and 
sub-samples taken for analysis. 
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For non-fatty food types, 20-30g of food samples were extracted in their 
entirely. According to the plasticiser found in the packaging materials, appropriate 
isotopically labelled internal standard(s) were added to the sample. Confectionery products 
with a high sugar content were dissolved in a minimum of hot water prior to extraction. 
The sample mixture was then shaken with 20ml of a mixture of dichloromethane 
cyclohexane (1:1) for 1 hour with an automatic shaker. It allowed the internal standard 
and the analyte to come to equilibrium. After the mixture was decanted from the food 
residue, the extract was taken out and dried by anhydrous sodium sulphate. It was then 
ready for GC/MS for analysis. 
For fatty foods, outer surfaces were removed to a depth of approximate 5mm 
(9)，and their material was homogenized in a domestic food processor and sub-samples 20-
30g were taken for analysis. According to the plasticisers found in the packaging 
materials, appropriate isotopically labelled internal standard(s) were added to the sample. 
The sample mixture was then shaken with 100ml of a mixture of acetone/hexane (1:1) for 
1 hour with an automatic shaker operated at 150 rev/min. It allowed the internal standard 
and the analyte to come to equilibrium. The mixture was decanted from the food residue, 
10ml of the extract were removed and dried by anhydrous sodium sulphate. The extract 
was heated gently on a hot plate to evaporate the solvent, and the residue was redissolved 
in 2ml dichloromethane /cyclohexane and then transferred to the gel permeation 
chromatograph. The first 90ml of the eluent were discarded and the following 60ml eluent 
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were collected, it was then evaporated to 2ml by heating on a hot plate. It was then ready 
for GCVMS for analysis. 
4.4.1 Clean up method 
Food samples range in complexity from relatively simple matrices such as fruit 
to the more complex food matrices of meat product. The extent of clean-up required prior 
to the final determination by GC may be minimal, but the more complex samples require 
procedures involving sophisticated physical and chemical separation techniques to 
eliminate undesired coextractives. 
Monitoring of plasticiser contamination in foods has been of interest for many 
years. Most plasticisers are lipid soluble and therefore analytical schemes normally involve 
initial fat extraction from food. Separation of higher molecular weight lipids from the 
lower molecular weight plasticisers can be achieved by gel permeation chromatography. In 
recent years gel permeation chromatography has played a role of growing importance in 
multi-residue methods due to its stability to eliminate the undesired non-volatile 
coextractants ofhigher molecular weight (lipids). 
Gel permeation chromatography (GPC) is a very universal clean-up procedure 
sometimes also described as size-exclusion chromatography. GPC mainly separates 
according to molecular weight in which exclusion size is dependent on the gel material. 
Gel permeation chromatography is one of the best methods to remove fats from food 
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extracts when pesticide residues are to be determined. More than 98% of the fats can be 
removed in one pass through a 30cm column(*” This is a slow process, in many cases 
requiring more than an hour, because the flow rates are slow. 
Clean-up procedures using GPC have been reported for the analysis of 
p e s t i c i d e s ( 4 2 ) , environmental contaminants^) ,as well as for residues of pharmaceutically 
active substances in foodstuffs. It was also used for the analysis of plasticisers (i3_i^ ) 
Bio-Beads SX3 (Bio Rad), a copolymer of styrene and 3% divinyl benzene with 
a mesh size of 200-400, is mostly used for environmental analysis. A column of cross-
linked polyvinylresin (Bio-Beads S-X3) was used with dichloromethane/cyclohexane (1:1) 
as eluant to separate the plasticisers by size from interfering substances of higher molar 
mass. The use of gel permeation chromatography for the separation of phthalate has been 
reported by Burns and his co-worker(44). DEHP was recovered almost quantitatively from 
the Biobeads SX 3 column. DEP, DBP and DCHP were also eluted in the similar fraction. 
To establish the elution times of the compounds from the GPC-column, elution profiles for 
the active substances as well as for extracts of foodstuffs to be analyzed must be 
determined. Once the elution profile of the active substances is known, fractionation using 
a very narrow volume range can be carried out in order to remove as many co-extractives 
as possible. 
A sample preparation schemes for the determination of plasticiser, extraction 
and clean up procedure is discussed in the following (Figure 6): 
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20-30g sample 
extraction with acetone/hexane (1:1) 
^ r 
10ml extract taken and dried by anhydrous sodium sulphate 
^ r 
concentrated to 2ml 
• 
GPC on Bio-beads SX3 
(45 cmx2.5cm) 




10ml per faction 
2 r ，r 
fraction 1-9 fraction 10-16 
discarded combined 
i 
concentrated to 2ml 
，f 
GCMS analysis 
Figure 6. Sample preparation Scheme 
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In Figure 6, it was shown that the fractions no. 1-9 were discarded. They were 
discarded because it was found that they contain mainly large molecules such as lipids, 
which should be avoided to inject into the GC. The elution profile was determined under 
the following procedure: 
One ml of mix plasticisers standard was mixed with O.lg of cooking oil. The 
mixture was set aside for a while, and it was then transferred to the GPC column. The 
eluent was collected simultaneously from the outlet, each fraction consisted of 10 ml 
eluent, and they were collected separately in weighed beakers. The collection was 
stopped after 200ml of eluent had been collected. Each fraction of eluent was dried up by 
heating gently on a hot plate and each beaker was weighed again. The amount of cooking 
oil can be determined by the weight gain in the beaker. Two ml of solvent 
(dichloromethane/ cyclohexane) was used to redissolve the plasticisers. The eluent was 
then injected into the GC with flame ionisation detector to test whether there was any 
plasticiser present. The elution times of the compounds from the GPC-column, and elution 
profiles for the plasticisers as well as for cooking oil was then determined. As the elution 
profile of the plasticisers is known, fractionation using a very narrow volume range was 
carried out in order to remove as many co-extractives as possible. 
The method gives excellent clean-up with plasticiser, the elution profiles are listed in the 
following (Figure 7): 
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4.4.2 Quantitation 
Although the food matrix could be mostly removed by gel permeation 
chromatography, interference peaks were still present and obscured the interest region of 
the chromatography, where the plasticisers were expected to elute by capillary column 
GC/FID. Therefore, gas chromatography with mass spectrometer as a detector was used 
to resolve this problem. As, it has been mentioned in chapter 2, an ion trap detector was 
used for the analysis in EI mode. It provided a high sensitivity and selectivity of the 
combined gas chromatography. It could resolve any overlapping peaks by their mass 
difference and identify them by their characteristic mass spectmm. Using the isotope 
dilution technique, an isotopically labelled intemal standard acts like a homologue which 
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does not provide a mass peak in common with the substance to be quantified. Mass 
chromatography provides all the peaks eluted with a specific mass-to-charge ratio, which 
was used for the quantitation. For the analysis of food extracts, internal standards were the 
deuterated analogues of the plasticiser in question where ever possible. In other instants 
the internal standard was chosen on the basis of its proven non-occurrence in the 
particular packaging material. For DEP, DBP, BBP, DEHP and DCHP, the deuterated 
internal standards were synthesised. Deuterated DIBP served as an internal standard for 
DBS, ATBC. DOS DOAZ and DPOP, Spectra ofeach individual plasticisers are shown in 
the appendix I. For instance, miz 149 represented the major fragment ion peak for the 
phthalates and miz 153 represented the d4-phthalates and miz 129 and 133 were represent 
the adipates and d4-adipate, respectively. The mass chromatograms of the phthalates and 
adipates are shown in Figure 8a and b, and the spectrum of DBP (Figure 9a and b) 
showing the major fragment ion miz 149 and its internal standard (d4-DBP) major 
fragment ion m/z 153. The spectrum ofDEHA( Figure 10a and b) are showing the major 
fragment ion peaks mlz 129 and its internal standard (d4-DBP) major fragment ion m/z 
133� 
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Figure 8a. The mass chromatogram of the phthalates and its intemaI standard. (DEP, 
DIBP, DEHP and DCHP) 
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Figure 8b. The mass chromatogram of the adipates and its intemal standard (DIBA and 
DEHA) 
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Figure 9a. The spectrum ofDBP showing the major fragment ion nVz 149. 
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Figure 9b. The spectrum of d4-DBP showing the major fragment ion m/z 153 
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Figure lOa. The spectrum ofDEHA showing the major fragment ion m/z 129. 
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Figure lOb. The spectrum of d4-DEHA showing the major fragment ion m/z 133. 
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Isotopically labelled analogues are used as internal standards because they are 
practically identical in chemical and physical properties to the respective unlabelled analyst 
whilst being readily distinguishable by mass spectrometry, due to their mass difference. As 
it has been mentioned previously, stable isotope internal standards can be used to 
compensate for losses throughout all the procedure, as it enables quantitative results 
without the need to correct for recovery or the need to check constantly the repeatability 
of the extraction and clean-up procedure. 
4.5 Results and Discussion 
4.5.1 Precision test 
The data were obtained by 10 injections of a mixture of lOppm of normal and 
labelled plasticisers. The ratios of the peak areas of the standards (m/z 149 for phthalates 
and m/z 129 for adipate) to the internal standard ( m/z 153 for phthalates and m/z 133 for 
adipate) were recorded. The relative standard deviations were calculated individually for 
all plasticiser standards. The precision tests of the plasticisers mixed are listed in the 
following (Tables 15 andl6): 
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Table 15 : Precision test of plasticisers mix using DIBA as internal standard 
PLASTICISER Concentration (ppm) Relative Standard Deviation (%) 
DEP m ^ 
~ D f f i A r ^ ^ 
^"^DKP 1^ ^ 
~ D ^ Wl ^ 
^ A T B C T 0 4 4 l 
~"BBP W l L3 
DEHA W l L9 
~ D P O P I^~i 1.0 
DEHP i ^ L7 
DCHP l M L0 
DOAZ 1 ^ n 
DOS 1 ^ ^ 
Table 16 : Precision test of deuterated plasticiser mix using isotope dilution method 
PLASTICISER CONCENTRATION (ppm) RELATIVE STANDARD 
testing standard d4 internal standard DEVIATION (%) 
DEP m W l L0 
DffiA 1 ^ ^ ^ 
DffiP m ^ 2.7 
DBP m ^ 4 ^ 
BBP m ^ L0 
DEHA W l ^ 0 
DEHP r ^ I o l L8 
DCHP ^ ^ 1.0 
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The relative standard deviation of normal and labelled plasticisers were not exceed 6.9% 
and 4.6%, respectively. The precision of isotope dilution is higher than using DIBP as 
internal standard. 
4.5.2 Calibration curve 
Area ratio of m/z 149 (for phthalates), mJz 129 for (adipates), miz 171 (for 
DOAZ), mJz 185 (for DBS and ATBC) and m/z 251 (for DPOP) to m/z 149 ( for internal 
standard DffiP) were used for calibration graph analysis. These calibration standards 
mixtures were analysed by the GC under the same conditions as those subsequently used 
for the test samples. A series of analyte with different concentrations were used with 
internal standard. The calibration are shown in the appendix and the data for the 
calibration curve and correlation coefficients, R, are shown in the following (table 17): 
Table 17: Calibration curve using DIBP as internal standard 
Plasticisers Concentration Range Correlation Coefficient (R) 
DEP 0.04 - 50 0.992 
DIBA 0.04 - 50 0.996 
DBP 0.04 - 50 0.990 
DBS 0.04 - 50 0.998 
ATBC 0.04 - 50 0.996 
BBP 0.04 - 50 0.996 
DEHA 0.04 - 50 0.992 
DPOP 0.04 - 50 0.999 
DEHP “ 0.04 - 50 0.996 
DCHP “ 0.04 - 50 0.998 
DOAZ 0.04 - 50 0.996 
DOS ‘ 0.04 - 50 0.994 
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4.5.3 Detection limit 
The detection limits were obtained by diluting the plasticisers mixture until the 
observed peak corresponds to a mass spectrometric signal-to-noise ratio of 5 � ) . T h e data 
were summarised in the following: 
Table 18: Detection limit of plasticisers 














No interference peaks were evident during the analysis of a wide variety of food 
types. Calibration curves were linear with a correlation coefficient of 0.990 to 0.999. 
Reagent blanks were below detection limit. The recovery of the method was determined 
by spiking the plasticisers mixture into the food sample, the recovery range from 80 to 
120% at spiking level. The precision of the method were ranged from 1.0% to 6.9% using 
DffiP as internal standard and 1.0% to 4.6 % for labelled internal standard. 
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4.5.4 Survey of the level of plasticiser in food 
Table 19 : Plasticisers found in meat product 
X = absent of plasticiser or plasticiser below the detection limit 
FOOD ITEMS POLYMER PLASTICISER PLASTICISERLEVEL ^g/g 
TYPE package food 
Sata fish ¥P 5 5 ^ ^ ~ ~ | ^ 
DEHP X 55 
Chili squid PP DBP 76 50 
Shred pork ~¥P DBP 70 25 
DCHP X 75 
DEHP X 64 
Chili beefjerky W DBP ~ ~ ^ HO 
DEHP X 180 
Pork floss PP DBP m i ^ 
DCHP n 85 
Chili baby squid ^ DBP m 80 
DCHP U 0 90 
Cuttle fish W DBP ^ 40 
DCHP n o 65 
Japanese roast crab PP DBP 55 25 
DEHA X 80 
Japanese roast squid PP DBP 280 260 
Ladybird seasoned ~ ^ DBP 70 40 
roasted cuttlefish 
ParkNfish ball P ^ DBP x 10 
combination 
ParkNMexicanBBQ FVC D^P x 40 
chicken mid joint wing 
ParkNporkleanmeat PVC DBP x 15 
DEHP X 61 
DCHP X 32 
ParkNsmokedsteaky F ^ DBP x 50 
bacon DCHP x 15 
ParkNblack pepper F ^ D B P ^ x W 
BBQ Austrian beef steak 
ParkNUS ch icken~~~"""F^ DBP x 64 
whole leg 
Park N honey BBQ char PVC DBP x 70 
siew DCHP X 45 
China mince pork PVC DBP 60 10 — 
Chinamincebeef PVC DBP 25 30 
DCHP 45 50 
J 
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Table 20 :Plasticisers found in snack 
FOOD ITEMS POLYMKR PT.ASTTCTSER | PT.ASTTCTSER LEVELug/g 
TYPE package food 
Honey with sesame and ¥ ? DBP 120 80 
walnut 
Peanut cake ^ X DIBP x 20 
DBP 36 87 
Preserved Kumquat — PP DBP 66 14 
Chili olive 1 ^ DBP 7^ 17 
DEP 55 25 
Haw Flake PP DBP ^ 5^ 
DEHP 100 45 
Dried Lemon PP DBP 75 36 
Dried Mango PP DBP 50 20 
Preserved olive PP “ DBP 80 23 
Lemonade ginger PP DBP 30 5 
DCHP 65 23 
Pitted prune W DEP x 20 
DBP 76 20 
Preserved plum PP DBP 80 30 
H.F. dried pineapple 1 ^ DBP 140 10 
DCHP V7_ 45 
One-one vegetarian PP DffiP x 45 
foods DBP 73 40 
Table 21 ； Plasticisers found in Sweet and candy 
FOOD ITEMS POLYMER PLASTICISER PLASTICISERLEVEL pig/g 
TYPE package food 
gummy fruit salad PP DBP — 55 21 — 
egg pudding ~ ^ DBP 90 48 
D ^ 40 15 
gum in coca cola flavour PP DBP % ^ 
gum in lime flavour l r DOT ^ H 
DEHP H5 23 
Strawberry gum slice 1 ^ DBP 78 24 
Ferrero RafFaello "^X DBP 50 ^ 
Confetteria DCHP 70 25 
Dextro-spot D-glucose PP DBP 7360 140 
lemon candies DCHP 5270 120 
J DEHP 8840 215 
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Best Buy Gummy Sour PP DBP ^ 30 
Cola 
Best buy gummy PP DBP 80 45 
assorted candies 
Table 22 : Plasticisers found in Chinese seasonal food 
FOOD ITEMS POT.YMF.R PT.ASTTCISER PT.ASTTCTSERLEVEL us/g 
TYPE package | food 
Wah Yuen Coconut ¥P DEP x Io 
DBP ^ 45 
Coconutjuice year cake PVC DBP x 60 
BBP ^5 
Streamed sticky rice F ^ D ^ ^ 200 
BBP 13390 700 
Rose year cake PVC 一 DEP x 12 
Rice noodle rolls with PVC DBP x 23 
dried shrimp DCHP 120 
Maxim moon cake PET DBP 15 15 
DCHP 40 40 
Table 23 : Plasticisers found in ice lolly and ice cream 
FOOD ITEMS POLYMER [ PLASTICISER PLASTICISER LEVEL |ig/g 
TYPE package | food 
Kiwi&pineappleflavour PP DBP 450 ^ 
ice bar 
Orange flavour ice bar PP DBP 185 35 
Lime&vanillaflavour ~ ^ DBP 120 20 
ice bar 
Water melon flavour ice~~¥? DBP 460 40 
bar 
Triangle water melon PP DBP HO 30 
flavour ice bar 
Mug beam flavour ice PP DBP 110 20 
bar 
Red beam flavour ice bar PP DBP H5 30 
Mango pudding ice bar PP DBP U5 25 
Strawberry chocolate ice 1 ^ DBP 120 40 
bar 
Nestle pineapplejelly Nylon DBP 15 13 
DEHA 18 20 
DCHP ^ 
Chockyicebar PP ^ 1 ^ ^ 
DCHP 25 10 
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Table 24 ； Plasticisers found in confectionery 
I FOOD ITEMS POT.YMRR PLASTICISER PLASTJCTSER LEVEL ug/g 
TYPE package food 
Lemon biscuit ^ DffiP x ~ ~ ^ 
DBP 50 88 
DCHP X 35 
Pacific sesame biscuit PP DBP 一 400 湖 
Maltose cracker "PP DBP ^ 20 
Gala biscuit PP DBP 40 60 
Garden cheese biscuit PP DBP ^ 87 
Garden peanut biscuit PP DBP ^ 30 
Chocolate finger Sp DBP 4840 280 
DCHP l _ ^ 210 
Fried dough ^ ~ ~ ~ DBP ^ 60 
DCHP l_2^ 95 
Mini Streamed bun "PVC DBP 一 80 15 
Longevity bun ~PVC DBP 70 x 
Vegetable pork bun PVC — DBP l_^ x 
Taro & Dried shrimp ^ DBP 110 x 
sliced pork bun 
Cantonese sponge cake — PVC DBP x 25 
Yamazaki almond snack PP — DBP ^ 35 
Yamazaki soft cheese PP DBP 80 30 
cake DCHP x 32 
Park N egg thread roll PVC — DBP x 35 
Gardenvanilla cake ¥F DBP 55 20 
BBP 38 70 
DEHP X 75 
DCHP 78 80 
Yamazaki soft cake PP DBP 1 ^ 25 
DCHP 62 73 
Garden wheat crackers PP DBP 110 35 
DEHP ^ 8 
Garden walnut cake CA — DBP x 54 
Garden castilla mini cake CA DBP 81 11 
(chocolate flavour cream 
filing) 
Garden vegetable PP DBP 115 35 
crackers DCHP ^ § 
Yamazaki table roll (milk PP DBP 130 153 
bar) 
I Garden plain pancake PP DBP ^ 1^ 
h ^ m , s e g g r o l l PET DEP x 50 
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DBP 63 20 
Peanut Pastilles DBP x 50 
Table 25 : Plasticisers found in miscellaneous food 
FOOD ITEMS POT VMFT^ I PT.AS;TTrJSRR PT.ASTTCTSERLEVEL us/g 
TYPE package food 
Beam curd dried ^ DBP 74 80 
DEHA ^ 
" S ^ PP DBP ^ 15 
BBP X 41 
DCHP 80 30 
Spiral pasta PP DOT x 20 
DEHP X U 
macaroni PP ^ ^ 15 
BBP X 20 
Nissin Deae Ramen PP 一 DBP ^ 65 
Spiral spaghetti PP DBP ^ lS 
Instant rice vermicelli PP DBP ^ 19 
Imitation scallops noodle PP — DBP ^ 1^ 
ParkNporkflavour ~ m DEP x 112 
instant noodle DIBP x 275 
DBP 270 780 
DCHP n 25 
Double swan peanut PP DBP ^ 60 
Dongquan rice vermicelli CA DEP x 43 
DBP 80 23 
Red beam cake "PP DBP 一 30 28 
Tung I instant noodle PP DBP £00 120 
Beam curd dessert Nylon DBP 50 50 
Doll spring roll shell PP DBP — 19 x 
Cheddar cheese PET DBP 610 60 
DCHP 12^ 128 
Processed cheddar P l x DEHA 130 x 
cheese 
There are many factors affecting the migration of plasticisers, for example, 
storage conditions, fat content, temperature effect, type of plasticiser used in the 
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packaging materials, the nature of food types and the nature of packaging materials. 
Therefore, it is difficult to make a direct comparison for all food types concerning the 
migration of plasticisers. To tlilfill the above conditions, ice bar was chosen for 
comparison, since they have the similar condition in above mentioned. From the graph 
below, it shows that there is no correlation among them. It suggested that there are many 
other factors affecting the migration of plasticiser. Further work can be done to study 
individual factor that may contribute to the migration ofplasticiser. 
correlat ion of plasticiser in packaging material and food 
• plasticiser in food v plasticiser in packaging materials 
— 5 0 0 ^ 






•| 2 0 0 - 參 
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plasticiser in food 
Figure 11. The correlation graph 
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4.6 Conclusion 
The clean up o f the foods as previous mentioned gave extracts for DEP, DBP, 
BBP, DEHP, DCHP determinations that were almost free of interference and could easily 
be analysed by GCMS. For quantification based on stable isotope dilution the average 
relative standard deviation o f the method ranged from 1.0 to 4.6%. For other plasticisers 
with mass spectrometric detection, but not employing in isotopic analogue internal 
standard, the average relative standard deviation did not exceed 6.9 %. The deviation was 
mainly from the fluctuations in mass spectrometric response with time. 
Some of the plasticisers in food were not found in packaging materials, for 
example, 180ppm ofDEHP was found in beefjerky, but it was not found in the packaging 
materials. It suggested that there are other sources of contamination. The same situation 
happened in the formula milk in England, as the milk were stored in the tin can, but a 
high level of plasticiser was found in the formula milk in 1994 (i6). One of the suspect 
sources of contamination was from the processing line. Therefore, regulation should 
concern not only on the plasticisers level in the packaging materials, but also level of 
plasticisers in other utensils being used in the processing line. 
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Chapter 5 : Comparison of the determination of plasticisers by GC7MS using EI 
and CI 
5.1 EVTRODUCTION 
The ion trap detector (ITD) (46) has capabilities that are very useful in analytical 
toxicology: 1) good quality fiill scan mass spectra can be obtained on low levels of 
analyte, and 2)either electron ionisation or chemical ionisation mass spectra can be 
generated by software controlled switching between modes of operation. Electron impact 
mass spectra are generated by a simple transfer of molecular ions and a range offragment 
ions are produced. A different approach is used in chemical ionisation where ions are 
produced by ion molecule reactions occurring between reagent ions and the sample. A 
reagent gas is introduced into the source at comparatively high pressure (not excess 50 
torr for fore pressure) which produce a high yield of reagent ions and these in turn react 
with sample molecule to produce what is described as chemical ionisation, as it was 
introduced in chapter 2. 
The ion trap operates best when it contains a certain number of ions. Sensitivity is 
often increased by monitoring a very limited number of ions. Several clinical and 
investigational studies required the analysis of certain neuroactive agents at picogram 
levels(47). An ion trap mass spectrometer was selected for this purpose because of its low 
detection level capabilities as a trapping device, especially in its chemical ionisation mode 
of operation. However, its reaction parameters were required to be optimized to meet the 
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present quantitation requirement. These included the pressure of the reagent gas and 
trapping time. The dearth offragmentation yield little information of structural value. On 
the other hand, as virtually the entire charge resides in one highly characteristic species, 
methane CI is a highly sensitive method for the quantitative detection. 
However, the optimum CI conditions are difficult to obtained. As the chemical 
ionisation method is performed on an ion trap by the direct introduction of a low pressure 
of a CI reagent gas and the trapping of ions formed from the reagent gas to react in situ 
with analyte molecules (^ 8'49), adjusting the reagent gas would be very important. 
5.2 Experimental and Instrumental 
The extract was analysed with a Finnigan Mat GCQ gas chromatography with a 
ion trap mass spectrometry detector, using a low background DB-5ms capillary column, 
30m X 0.23 mm I.D. (J&W Scientific, USA). The oven temperature was set at 60�C, was 
held for 1 minute, then increased to 200�C at a rate of 25 °C/min and held for 1 minutes. 
The temperature was increased from 200T to 2 8 0 � C with a rate of 10�C/min. The 
temperature was then held for 5 minutes. Helium was used as the carrier gas with column 
head pressure set at 60 psi. For the chemical ionisation the fore pressure for the reagent 
gas was around 60 torr, methane was used as reagent gas. 
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5.2.1 Reagents 
The plasticiser standards were purchased from TCI Chemical Co. (Tokyo). 
Solvents used were all analytical grade. They were doubly distilled and were tested to be 
plasticiser-free before use. All glassware was rinsed thoroughly twice by distilled acetone 
before use in order to minimize cross contamination. 
5.2.2 Materials 
The treatment of the materials were same as 4.2.2 
5.3 Extraction of Foods 
The extraction method was same as in chapter 4.4 
5.3.1 Clean up method 
The clean up method was same as in chapter 4.4.1 
5.4 Result and discussion 
5.4.1 Precision test 
The precision test of the method has been demonstrated in chapter 4, the 
precision of the instrument using the electron ionisation mode in the GCQ instrument were 
shown in the following: an autosampler was used for injection, 6 injections were taken, 
and the ratio of peak areas of the standards to the internal standard were recorded. The 
relative standard deviations were calculated individually for all plasticiser standards. The 
precision test of plasticisers mixture are listed as follows: 
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Table 26 : Precision test from the chemical ionisation method 
Plasticiser Concentration (ppm) Relative standard deviation(%) 
~ D E P m ^ 
~ D f f i A i ^ ^ 
~ ~ D B P 1 ^ ^ 
~ D ^ m ^ 
~ A T B C 1 ^ ^ 
" ^ B K P i ^ l ^ 
~~DEHA T^1 ^ 
~ D P O P m ^ 
~ D E H P 5 ^ ^ 
~~DCHP f 0 ^ ^ 
~"DOAZ 1 ^ ^ 
~ ~ D O S 1 ^ ^ 
Table 27 : Precision test from the electron ionisation method using DIBP as intemal standard 
PLASTICISER Concentration (ppm) Relative Standard Deviation (%) 
DCT m ^ 
D E ^ 1 ^ ^ 
DBP i o ^ 
DBS i m ^ 
ATBC i ^ 4 l 
^ O T m L2 
DEHA 1 ^ ^8 
DPOP r ^ 1.0 
DEHP i ^ 16 
DCHP ^ 1.0 
DOAZ ^ 1.1 
^ 1^ ^ 
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Table 28 : Precision from the electron ionisation method using d4 internal standard 
Plasticiser Concentration (ppm) Relative Standard deviation (%) 
DEP W l ^ 
DffiA i ^ ^ 
DffiP i ^ ^ 
DBP W l ^ 
BBP m ^ 
DEHA m ^ 
DEHP i ^ ^ 
DCHP i ^ ^ 
Precision test using the labelled standard was better than those using the DffiP as the 
internal standard. It was also found that the precision test from the chemical ionisation is 
10 fold higher than the electron ionisation. 
5.4.2 Calibration curve for electron ionisation 
A series of analytes with different concentration were used with internal 
standard (lOppm). These calibration standards were analysed in the GC under the same 
condition as those subsequently used for the test samples. The calibration curves are 
shown in appendix. The correlation coefficient are shown in the following: 
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Table 29 : The calibration curve 
Plasticiser Concentration range Correlation coefficient 
DEP 0.04-50 0.999 
DfflA 0.04-50 0.996 
DBP 0.04-50 0.998 
DBS 0.04-50 0.994 
ATBC 0.04-50 0.999 
BBP 0.04-50 0.998 
DEHA 0.04-50 0.999 
DPOP 0.04-50 0.999 
DEHP 0.04-50 0.997 
DCHP 0.04-50 0.996 
DOAZ 0.04-50 0.998 
DOS 0.04-50 0.997 
All calibration curves show good linearity correspond to wide concentration ranges with 
correlation coefficients range from 0.994 to 0.999. 
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5.4.3 Detection Limit of El 
The detection limits of the instrument range from O.OOlppm to 0.004ppm and 
0.02ppm correspond to EI and CI method, respectively. Its detection limit corresponds to 
a mass spectrometric signal-to-noise ratio of5. 
Table 30 : Detection limits from the electron ionisation method 
Plasticiser Concentration (ppm) 
D ^ 0.001 












= _ L = _ _ = = ^ - J 
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5.4.4 Survey of plasticisers in food by electron ionisation and chemical 
ionisation 
Table 32 : Plasticisers found in meat product by both EI and CI method 
FOOD ITEMS POLYMER PLASTICISER PLASTICISER LEVEL |iig/g 
TYPE EI CI 
Sata fish W DBP ^ 64 
DEHP 56 5 ^ 
Chili squid PP DBP “ 4 ^ ^ 
Shred pork ^ DBP 24 25 
DCHP 75 75 
DEHP ^ 64 
Chili beefjerky W DBP TT^ 108 
DEHP l_^ 180 
Pork floss ^ D ^ n ^ 110 
DCHP ^ 86 
Fish PP DCHP 32 33 
Chili baby squid PP DCHP “ ^ §i_ 
Cuttlefish 1 ^ DBP 39 40 
DCHP 66 6^ 
Japanese roast crab PP DBP 25 25 
DEHA ^ ^ 
Japanese roast squid PP DBP — ^ 2 ^ 
Chili Fish PP DCHP ^ ^ 
ParkNMexicanBBQ ^ DBP 40 40 
chicken mid joint wing 
ParkNporkleanmeat PVC DBP 15 15 
DEHP 60 60 
DCHP n ^ 
ParkNsmokedsteaky~~ PVC DBP 48 50 
bacon DCHP l_5 l_5_ 
ParkNblack pepper P W DBP 10 10 
BBQ Austrian beef steak 
Park N honey BBQ char PVC DBP 77 70 
siew DCHP 43 ^_ 
Mince pork P ^ DEP 10 10 
DBP \_0 l_^ 
China mince beef ~V^ DEP 9 ^ 
DBP 28 30 
DCHP 4 ^ ^ 
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Table 33 : Plasticisers found in snack by both EI and CI method 
FOOD ITEMS POLYMER PLASTICISER PLASTICISER LEVELfigy^g 
TYPE EI CI 
Peanut cake ^ X DIBP i F 19 
DBP 88 87 
DEP H l_^ 
Preserved Kumquat PP DBP l_4 l_5_ 
Chili olive PP DBP — VJ_ l2_ 
Haw Flake PP DBP l_6 l_^ 
Dried Mango 1PP DBP 一 2 j ^ 
Preserved olive PP DBP 一 ^ ^ 
Pitted prune PP DEP 20 21 
DOT ^ 20 
Preserved plum PP DBP 30 31 
Table 34 : Plasticisers found in sweet and candy by both EI and CI method 
FOOD ITEMS POLYMER PLASTICISER |PT,ASTT�TSFKT,F,WT,| is/s . 
TYPE EI CI • 
egg pudding FP DBP 4 ^ 50 
D^ H ^ 
gum in coca cola flavour PP DBP 32 36 
gum in lime flavour PP DBP l_2 lJ^ 
Strawberry gum slice PP — DBP ^ ^ 
Dextro-spot D-glucose PP DEP 13 13 
lemon candies DBP 118 120 
DCHP ^ 215 
Best Buy Gummy Sour ¥P DBP 28 28 
Colar I 
Table 35 : Plasticisers found in Chinese seasonal food by both EI and CI method 
FOOD ITEMS POLYMER PLASTICISER PLASTICISER LEVEL ug/g 
TYPE EI I CI 
Coconutjuice year c a k e ~ ~ F ^ DBP ^ ^ 
BBP ^ 45 
Streamed sticky rice F ^ DBP ^ 205 
B ^ 7 ^ 707 
Rose year cake F ^ ^ ^ 12 
DBP 7 7_ 
Rice noodle rolls w i t h ~ ~ PVC DBP 23 24 
dried shrimp DCHP 120 1 ^ 
Maxim moon cake PET DBP 14 15 
DCHP 40 42 
I J " — — ^ — ^ — ^ 
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Table 36 : Plasticisers found in confectionery by both EI and CI method 
FOOD ITEMS POT.YMER PLASTICISER PLASTICISER LEVEL us/g 
TYPE EI I CI 
Lemon biscuit ¥ m DIBP ^ ^ 
DBP 89 89 
DCHP }5 3 ^ 
Gala biscuit PP DBP — 59" 5 ^ 
Garden cheese biscuit PP DBP ^ %J_ 
Fried dough PP DBP 
DCHP ^ 96 
Mini Streamed bun PVC DBP — l_0 ^ 
Cantonese sponge cake PVC “ DBP ^ 2 ^ 
Yamazaki almond snack PP _ DBP ^ ^ 
Garden castilla mini cake CA DBP 10 11 
(chocolate flavour cream 
filing) 
Peanut Pastilles DCT ^0 ^ 
Maxim's egg roll ^ i T DBP 50 50 
DEP ^ 20 
Park N egg thread roll PVC “ DBP ^ ^ 
Garden vanilla cake ~W DBP 20 21 
DEHP 74 75 
DCHP ^ ^ 
Yamazaki soft cake " w DOT ^ 28 
DCHP 7±\ 7 ^ 
Table 37 : Plasticisers found in miscellaneous food type by both EI and CI method 
FOOD ITEMS POT.YMER PLASTICISER| PT.ASTTCTSER LEVEL — 
TYPE EI I CI 
Beam curd dried CT DBP ^ ^ 
DCHP l_4 l_4_ 
Sogo PP DBP iT" 15 
BBP 41 41 
DCHP ^ 30 
Spiral pasta ¥P DBP W 20 
BBP n U_ 
macaroni PP ^ ^ 15 
BBP ^ 2^_ 
Nissin Deae Ramen PP — DBP 65 6^ 
Spiral spaghetti PP DBP l_9 Ii_ 
Instant rice vermicelli PP DBP l_9 l9_ 
Imitation scallops noodle PP “ DBP 1^ l_5_ 
Cheddar cheese PET DBP 60 55 
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DCHP 125 13Q-
Processed cheddar PET x x x 
cheese 
Pa rkNporkf l avour TO DffiP 270 275 
instant noodle DBP 790 780 
^ U 3 112 
Double swan peanut PP — DBP 60 5 ^ 
Dongquan rice " ^ X DEP 43 40 
vermicelli ^ ^ ^ 
Red beam cake ^ P DBP ^ ^ 
Nestle pineapplejelly Nylon DBP 12 12 
DEHA l9J ^ 
5.4.5 Paired t-test 
Using the paired t-test was used to compare the two methods, the equation is 
shown in the following: 
t=%d^n/Sd 
where xa = -0.05714 = mean difference 
Sd = 1.88020 = standard deviation 
n =105 二 no of sample 
t = -0.31142 = critical value, which has (n-l) degree of freedom 
The value of | t | for 95% confidence interval of citical value should be 1.96 
By performing paired t-test, both methods showed no statistical difference at 
95% confidence level. Calibration curves were linear with a correlation coefficient 
between 0.994 to 0.999. The precision of the instrument range from 1.0 to 6.9% and 0.01 
to 0.05% using the labelled internal standard. 
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5.5 Conclusion 
Sixty five samples were analysed by the Finnigan Mat instrument, using both 
electron ionisation and chemical ionisation. For quantification based on stable isotope 
dilution the relative standard deviation of the method ranged from 0.01 to 0.05%. For 
other plasticisers with mass spectrometric detection but not employing in isotopic 
analogue internal standard the relative standard deviation did not exceed 6.9%. The major 
deviation come from the fluctuations in mass spectrometric response with time. It has 
demonstrated that chemical ionisation is also an appropriate technique to use for carry out 
quantitation in this study. 
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Chapter 6 : Conclusion 
It has been known that the chemicals present in food contact materials might 
transfer into foods. Chapter 3 and 4 give a list of areas where the use of food contact 
materials might lead to the contamination of food and provides a coherent programme of 
work on possible contamination of foodstuffs from the use of food contact materials. 
Chapter 3, has demonstrated that various concentration of plasticisers found in the 
packaging materials. It was found that instead of a single plasticiser for the packaging 
materials, they usually use multi-plasticisers. Some of them were found to consist of 
percentage (3-5%) level of plasticiser, and some were found in ppm level. 
In chapter 4, plasticisers were shown to have been found in food, which were said 
to transfer from the packaging materials. As this study has shown that some of the 
plasticisers were found in food, but they were not found in the packaging materials, it 
suggested that there is another source of contamination apart from the packaging 
materials. As in England, a high level of plasticisers were found in the formula milk, but 
they do not use the plastic film for package. 
In chapter 5, when two ionisation techniques have been used to study the 
migration ofplasticisers into foodstuff, it was shown that both techniques can be used. By 
performing paired t-test, both methods showed no statistical different at 95% confidence 
limit. 
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12. The mass spectrum of DOAZ 
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13. The mass spectrum of DOS 
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B) The Calibration graph 
1. The calibration graph of GC/FED 
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Calibration curve of ATBC and BBP 
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Calibration curve of DEHP and DCHP 
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Calibration curve of DOAZ and DOS 
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2. The Calibration graph of GCMS (magnum) 
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Calibration curve of ATBC and BBP 
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Calibration curve of DEHP and DCHP 
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Calibration curve of DCHP and DEHP 
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3 The calibration graph of GCMS (GCQ) 
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Calibration curve of ATBC and BBP 
• conc V ATBC 
• concvBBP 
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